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meaim o f  e s t i m a t i n g  t h e  am ounts, o f  B1ÎA and DHA i n  t h e  thÿ 'no id  
g la n d  * A s tu d y  was th e n  made o f  th e  n u c l e i o  a c i d  @ p r o t e i n  
and  p h o s p h o l ip id  c o n t e n t  o f  t h e  t h y r o i d  g l m d s  o f  d i f f e r e n t  
mammalian s p e c i e s ,  and r e l a t i o n s h i p s  to  t h y r o i d  w e ig h t  and 
t o t a l  body v m ig h t  e s ta b l is h e d @  I t  was fo im d  t h a t ?  w i th  
i n c r e a s i n g  s i ^ e  o f  mammalg, t h e  eo hcen tx ’a t i o n  o f  p r o t e i n  i n  
t h e  t h y r o i d  g la n d  i n c r e a s e s  ? w h e r e a s . t h e r e  i s  a  d im in a t io n  i n  
th e  c o n c e n t r a t i o n  o f  REA and? to  a  s m a l l e r  e x t e n t ,  o f  M A and 
p h o s p h o l ip id *  T hese  f i n d i n g s  oan he c o r r e l a t e d  w i t h  an 
i n c r e a s e , i n  f o l l i c l e  s iîse  i n  l a r g e r  mammals, w h ich  r e s u l t s  
i n  more, c o l l o i d  i n  p r o p o r t i o n  t o  t h e  n m ih e r  o f  c e l l s  * 
O a lo i^ la t io n s  Kiado from  th e  d a t a  show , t h a t  t h e  ainount o f  
p r o t e i n  i n  th e  t h y r o i d  g la n d s  o f  v a r i o u s  mammmls i s  m a in ta in e d  
a t  a  c o n s t a n t  p r o p o r t i o n  o f  body iv e lg h t , ■ H ow ever,' t h e  
num ber o f  c e l l s  i n  t h e  t h y r o i d  g la n d  does n o t  i n c r e a s e  i n  
p a r a l l e l  w i th  th e  e l s e  o f  t h e  s p e c i e s  and t h e  la r^ g e r  mam'malB 
a l s o  have  l e s s  W A  p e r  c e l l *  T hese o b s e r v a t i o n s  s u g g e s t  
t h a t  t h e  t u r n o v e r  o f  p r o t e i n  i n  t h e  t h y r o i d  g l a n d s  o f  l a r g e r  
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I s o t o p i c  s t u d i e s  w ere  them c a r r i e d  o u t  u s i n g  t i s s u e
s l i c e s  and p u r i f i e d  n u c l e i  p r e p a r e d  from  sh ee p  thyx^oicl
g la n d s  t o  s tu d y  th e  e f f e c t s  o f  TSH on t h y r o i d  M A and
p r o t e i n  m e ta b o l is m  * ?/hen s l i c e s  o f  s h e e p ^ - th y ro id  t i s s u e
w ere  in .ô u h a ted  w i th  TBH and (^”'^0 ) a d e n in e  ? i t  was found
t h a t  TSH c a u se d  an  i n c r e a s e  i n  l a b e l l i n g  o f  n u c l e a r  HÏÏA
and s u b s e q u e n t ly  o f  c y to p la s m ic  H'M, and t h a t  t h i s  i n c r e a s e
was d e t e c t a b l e  i n  a l l  t h y r o i d  EÏÏA f r a c t i o n s  a f t e r  3 h r^
I n c u b a t i o n .  The i n  c o rp  o r a t  io n  o f  (^ ^ 0 )  a d e n in e  i n t o  t h e
M A o f  i s o l a t e d  s h e e p - t h y r o i d  n u c l e i  i n  v i t r o  was a l s o  fo und
t o  be s t i m u l a t e d  by t h e  p r e s e n c e  o f  TSH i n  t h e  i n c u b a t i o n
medium* I l a t - l i v e r  n u c l e i  w ere  n o t  r e s p o n s i v e  t o  TSH u n d e r
t h e  same i n c u b a t i o n  c o n d i t i o n s ?  and a d d i t i o n  o f  p r o t e i n  (b o v in e
serum  a lb u m in )  to  t h e  I n c u b a t i o n  medium had  no e f f e c t  on
a d e n in e  ‘u p ta k e  i n t o  t h y r o i d  n u c l e a r  ïŒà<^  TSÏÏ a l s o  s t i m u l a t e d
'?0
t h e  u p ta k e  o f  {cxr-' '^~P) UTP i n t o  HhA i n  t h e  p r e s e n c e  o f  th e  
o t h e r  u n l a b e l l e d  r i b o n u o l e o s i d e  t r i p h o s p h a t e s  *
The e f f e c t  o f  TBH on a d e n in e  u p ta k e  i n t o  t h y r o i d  HHA 
c o u ld  be i n h i b i t e d  by t r e a t m e n t  o f  t h e  s l i c e s  ov  t h e  i s o l a t e d  
n u c l e i  w i t h  p u rom yoin  o r  a o t in o m y c in  D# T hese  f i n d i n g s  
s u g g e s t  t h a t  t h e  e a r l i e s t  e f f e c t s  o f  TBH on t h y r o i d  ElA 
m e ta b o l is m  in v o lv e  t h e  s y n t h e s i s  o f  b o t h  n u c l e a r  E.¥A and 
p r o t e i n .  H ow ever, a d d i t i o n  o f  TBH to  a n  i n c u b a t i o n  medium
««t y
containing isolated thyroid rmolei had no significant
e f f e c t  OB le iio in©  uptake i n t o  nuo3.ear protein t in d e r
co n d it iO B o  w here  i t  s t i m u l a t e d  a d e n in e  i \p ta k e  i n t o
n u c l e a r  EWA* T h is .  eu g g cB ts  t h a t  t h e  p r o t o t e  a p p a r e n t l y  
involved in stimulation of nuclear IBIA synthesis fey TBH must 
contribute to only a small proportion•of the total nuclear 
p r o t e i n  *
Purified sheep-thyroid nuclei wero then fractionated 
either fey the procedure of Weiss (I960) or fey that of Ramus, 
BoXy, Mandol and Ohàmfeon (1965) and assays of 3MA#*dopcndcnt 
Elâ polymerase activity carried out using the three nuclear 
enayme fractions obtained• Borne properties of these
polymerase eiisyme fractions were then char act er i ged and the 
effect of TB'U on DNA"#dependent S M  polymerase activity 
examined # Direct addition of ÏBH at the start of incubation 
to aesay mixtures containing these ensyme fractions had no 
effect on DM-d spend en t HIA polymerase activity o Treatment 
of isolated ahoep-thyroid niiclei v/ith TBH mider conditions 
where it is known to stimulate the uptake of (^\‘) adenine 
Into nuclear îilh ï was found to increase the ability of the
aggregate ensymo preparation to Incorpoz'ate labelled 
IIMI? from UTP but not labelled AI# from ATI? into MA* However, 
no affect of SBK was apparent when replaced during 
polymoreoe asoay* Duromycln treatment of shGep"#tbyroid
 ^ ctea «en
/
î l u e l e i ,  w h ich  h ad  b een  in c i ih a te d  i n  t h e  p r e s e n c e  o r  a b s e n c e  
o f  TBH p r i o r  t o  enzyme p x ^ e p a ra t lo n ,  was fo u n d  t o  d e c r e a s e  
t h e  BIA^-dopendent R¥A polym ex'ase a c t i v i t i e s  o f  t h e  ensyme 
f r a c t i o n s  p r e p a r e d  by th e  p r o e e c to e  o f  Ramug e t  a l*  ( 1 9 6 5 ) o
E e f e r e n o o s  2-
Weiss, S.B. (i960).
ProG. nat» Acad. Sci., Wash., 46, 1020.
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GENERAL. IN TRO D U CTIO N
G É N É R A L  INTROD U CTION
A ll c e l lu l a r  fu n c tio n s  a r e  u l t im a te ly  d e p e n d en t on  gene 
a c t iv i ty .  In  e a c h  in d iv id u a l th e r e  is  c o n s id e ra b le  d iv e r s i ty  o f 
function» s t r u c tu r e  an d  c h e m ic a l  c o m p o s itio n  am ong  th e  c e l ls  
of d if fe re n t  t i s s u e s  and  to  a  l e s s e r  d e g re e  w ith in  a  p a r t i c u la r  
t i s s u e  its e lf*  A ll th o s e  c e l ls  h o w e v e r  b a s ic a l ly  h a v e  id e n tic a l  
s e ts  o f g en e s  i* e# d e o x y rib o n u c le ic  a c id  (DNA)* I t  fo llo w s 
th e r e fo r e  th a t  th e r e  m u s t  e x is t  so m e  m e c h a n is m  w h ich  c o n tro ls  
th e  p h en o ty p ic  e x p r e s s io n  o f g en e s  in  th e  d e v e lo p m e n ta l p r o c e s s .  
T h is  m ig h t be e x p la in e d  by th e  a s s u m p tio n  e i th e r  of u n ifo rm  gene 
a c tiv i ty  in  a l l  c e l ls  and  a  c e l l - s p e c i f ic  s e le c t io n  of g e n e tic  m e s s a g e s  
a t  th e  c y to p la s m ic  level o r  d if fe re n tia l  gene a c tiv i ty  p a tte rn s*
L i t t le  i s  y e t  know n of th e  c o n tro l  m e c h a n is m s  in v o lv ed  in  
c y to d if fe re n t ia t io n . H o w ev er i t  w ould  a p p e a r  th a t  c e l lu la r  
r e s p o n s e s  to  p a r t i c u la r  s tim u li#  su c h  as  th e  p r e s e n c e  of h o rm o n a l 
m o le c u le s#  r e s u l t  f ro m  g e n e tic  p ro g ra m m in g  of s p e c if ic  
i n t r a c e l lu la r  r e a c t io n s  to  th e s e  s t im u l i ,  an d  th u s  th a t  h o rm o n a l 
c o n tro l  of m e ta b o l is m  is  s u p e r im p o s e d  on b a s ic  r e g u la to ry  
m e c h a n ism s*  I t  h a s  b e e n  know n fo r  so m e  t im e  th a t  h o rm o n e s  
c a n  affect#  e i th e r  d ir e c t ly  o r  in d ire c tly #  th e  n u c le ic  a c id
m e ta b o l is m  of th e i r  t a r g e t  o rg a n s  (L e s l ie ,  1950), an d  th a t th ey  
can  a ls o  a f fe c t th e  le v e ls  of c e l lu la r  enssym es an d  p ro te in  in  
th e s e  p a r t i c u la r  t i s s u e s  (K nox, A u e rb a c h  and  L in , 1956),
W ith th e  r e c e n t  ad v a n c e s  in  th e  e lu c id a tio n  of th e  s te p s  in v o lv ed  
in  c e l lu la r  p ro te in  s y n th e s is ,  and  p a r t ic u la r ly  th e  n a tu re  of th e  
in v o lv e m e n t of n u c le ic  a c id s  in  th is  p r o c e s s  ( s e e  K o rn e r ,  1964; 
M o ld av e , i9 6 0  fo r  r e v ie w s ) ,  i t  h a s  b eco m e  p o s s ib le  to  s tudy  
h o rm o n a l e f fe c ts  a t  s u b c e l lu la r  le v e ls  in  an  a t te m p t to  ex p la in , 
on  a  m o le c u la r  b a s i s ,  th e  a b ili ty  of h o rm o n e s  to  in f lu e n c e  bo th  
th e  s y n th e s is  an d  a c tiv i ty  of o th e r  b io lo g ic a l m o le c u le s .
F o r  th e  p r e s e n t  in v e s tig a tio n s  in to  th is  p ro b le m  s tu d ie s  
h av e  b e e n  c a r r i e d  ou t on th e  m o d e of a c tio n  of th e  h o rm o n e  
th y ro tro p in  (TSH) on th e  n u c le ic  a c id  and  p r o te in  m e ta b o l is m  
of i t s  t a r g e t  o rg a n , th e  th y ro id  gland* T h e  m a in  fu n c tio n  of 
th e  th y ro id  g lan d  a p p e a rs  to  be th a t  of e la b o ra t in g , s to r in g  and  
s e c r e t in g  i t s  ow n p e c u l ia r  io d in e -b e a r in g  h o rm o n es^  th e  
e la b o ra t io n  and  r e le a s e  of w h ich  i s  s t im u la te d  by TSH , B e fo re  
one c a n  d is c u s s  th e  know n e ffe c ts  of th y ro tro p in  on th e  th y ro id , 
a  d e ta ile d  a c co u n t of th y ro id  c e l l  m e ta b o lis m  is  e s s e n t ia l  fo r  
an  u n d e rs ta n d in g  of th e s e  a c tio n s  s in c e  m o s t th y ro id  m e ta b o lic  
p r o c e s s e s  u n d e rg o  so m e  ch an g e  upon h o rm o n e  a d m in is t r a t io n .
M o rp h o lo g y  an d  C y to logy  of th e  T h y ro id  G lan d  
T h e  th y ro id  g la n d  c o n s is ts  of a  la r g e  n u m b e r  of fo l l ic le s  
o r  a c in i (Fig* 1). T h e s e  h av e  lo s t  a l l  lu m in a l c o n n ec tio n  w itîi 
o th e r  p a r t s  of th e  body an d  m ay  be c o n s id e re d  f ro m  both  
s t r u c tu r a l  and  fu n c tio n a l p o in ts  of v iew  a s ,th e  p r im a r y  o r  
s e c r e to r y  u n its  of th e  o rgan*  T he c e l ls  of th e  fo l l ic le s  a r e  
th e  s i te s  of h o rm o n e  s y n th e s is ;  th e  fo l l ic le s  a r e  th e  s to ra g e  
d e p o ts . In  th e  n o rm a l h u m a n  ad u lt g lan d  th e  f o l l ic le s  a r e  
ro u g h ly  s p h e r ic a l  and  v a ry  c o n s id e ra b ly  in  s iz e ,  th e  a v e ra g e  
d ia m e te r  b e in g  ab o u t 300p , T h e  w a ll c o n s is ts  of a  co n tin u o u s 
ep ithe lium *  one c e l l  d e e p , th e  p a re n c h y m a  of th e  th y ro id . In  
th e  r e s t in g  gland* th e  c e l ls  a r e  f la t te n e d , b u t on  s t im u la tio n  
w ith  TSH th ey  in c r e a s e  in  h e ig h t and  b ec o m e  co lu m n ar*  W ith in  
th e  fo l l ic le  and  f illin g  i t s  lu m e n  i s  th e  h o m o g en eo u s  co llo id  
w h ich  c o n s is ts  m a in ly  of p ro te in  m a te r ia l ,  th e  p r in c ip a l  
p ro te in  b e in g  th y ro g lo b u lin *
T h e  fin e  s t r u c tu r e  of th e  th y ro id  fo l l ic u la r  c e l l  i s  
show n  d ia g ra m a tic a l ly  in  F ig* 2* T h y ro id  fo l l ic u la r  c e lls  
v ie w e d  in  th e  e le c t ro n  m ic ro s c o p e  a r e  b a s ic a l ly  s im i la r  to  
th e  e p i th e l ia l  c e l ls  of e x o c r in e  g lan d s  en g ag ed  in  p ro te in
F i g .  1
H u m a n  t h y r o i d  g l a n d  (x275)  H .  and  E .  T h e  a c i n i  
a r e  f i l l e d  w i t h  u n i f o r m l y  s t a i n i n g  c o l l o i d  an d  a r e  
l i n e d  by a r a t h e r  f l a t t e n e d  c u b o i d a l  e p i t h e l i u m .  
( R e p r o d u c e d  by  k in d  p e r m i s s i o n  of  D r .  W . P .  D u g u id  
o f  th e  P a t h o l o g y  D e p a r t m e n t ,  R o y a l  I n f i r m a r y ,  G l a s g o w . )
^ y / / / /  7/ / 7 7 < / / / / / / / / / / / / x /% 5
F i g .  2
S c h e m a t i c  D r a w i n g  of  a T h y r o i d  F o l l i c u l a r  C e l l  
( F r o m  E k h o l m  and  S j o 's t ra n d ,  1957)
a -  a p i c a l  s u r f a c e  o f  c e l l  
e -  e n d o p l a s m i c  r e t i c u l u m  
d -  " s e c r e t i o n  d r o p l e t s "
V  -  m i c r o v i l l u s  
c -  c a p i l l a r y  c e l l  
n -  n u c l e u s
r -  r i b o s o m e s
g -  G o l g i  a p p a r a t u s
m  -  m i t o c h o n d r i o n
p -  p l a s m a  m e n i o r a n e
b -  b a s e m e n t  m e m b r a n e
o -  o p e n  " p o r e "  in  
e n d o t h e l i a l  c e l l
‘ 4; *
Sôcx’e tio n . M ic ro v i l l i  o c c u r  a long  th e i r  a p ic a l  e u r fa c e ,  
th e y  h av e  à  w e ll  ^ d ev e lo p ed  G o lg i a p p a ra tu s  a s s o c ia te d  w ith  
d e c re to ry  d ro p le ts  lo c a te d  b e tw e e n  th e  n u c le u s  an d  th e  
a p ic a l s u r f a c e ,  th e y  h av e  an  e x te n s iv e  e rg a s to p la s m ic  
n e tw o rk  d ep lo y ed  th ro u g h o u t th e  c e l l ,  and  th e y  s y n th e s is e  
p ro te in  an d  s e c r e te  i t  a t th e  a p ic a l s u r fa c e  in to  v e s ic le s .
U n lik e  o rd in a ry  e x o c r in e  c e l l s ,  h o w e v e r, th e y  h av e  an  
ad d itio n a l s e c r e to r y  fu n c tio n  s in c e  th ey  a c t  a s  e n d o c r in e  
c e l ls  by r e le a s in g  th y ro id  h o rm o n e  in to  th e  p e r i f o l l ic u la r  
c a p i l l a r i e s .  T h y ro id  h o rm o n e s  a r e  s to r e d  in  th e  c o llo id  a s  
p a r t  of th y ro g lo b u lin  and  h y d ro ly s is  m u s t o c c u r  b e fo re  th e s e  
h o rm o n e s , th y ro x in e  an d  3-5*^3‘tr i io d o th y ro n in e , can  
e s c a p e  in to  th e  c i r c u la t io n .  T he th y ro id  c e l ls  a r e  s e p a r a te d  
f ro m  th e  c a p i l l a r i e s  by tw o la y e r s  of b a s e m e n t m e m b ra n e  bu t 
m in u te  p o re s  in  th e  e n d o th e lia l lin in g  of th e  c a p i l l a r i e s  a llow  
p la s m a  to  co m e in to  d i r e c t  c o n ta c t w ith  th e  b a s e m e n t m e m b ra n e  
p e rm it t in g  d iffu s io n  of m a te r ia l s  in  and  ou t of th e  a c in a r  c e l l s .
B io s y n th e s is  and  R e le a s e  of T h y ro id  H o rm o n e s  
T h is  h a s  b e e n  r e c e n tly  re v ie w e d  by De G ro o t (1965) 
and  only  a  b r ie f  a c c o u n t of th e  to p ic  w ill be g iv en  h e r e .  In
«5-
o u tl in e , th e  b a s ic  a s p e c ts  of th e  p r o c e s s  a r e  show n in  F ig .  3 .
T he th y ro id  g la n d  a c c u m u la te s  in o rg a n ic  io d id e  an d  e s ta b l i s h e s  
a c o n c e n tra t io n  g ra d ie n t b e tw een  g lan d  an d  p la sm a*  T he 
a c c u m u la te d  o r  ‘trapped*  io d id e  is  o x id ise d  and  bound  to  
ty r o s in e  p r e s e n t  in  p e p tid e  lin k a g e  in  th y ro g lo b u lin *  T he 
io d in a te d  ty r o s in e s ,  m o n o -  and  d i- io d o ty ro s in e , co u p le  to  
fo rm  th e  th y ro n in e  m o le c u le s ,  th y ro x in e  an d  3 - 5 - 3 ‘triiodo-* 
th y ro n in e , w h ich  a r e  s t i l l  h e ld  w ith in  th e  p e p tid e  c h a in  of 
th y ro g lo b u lin *  T h e s e  io d o ty ro  s in e s  and  io  do th y ro n in e s  a r e  
su b se q u e n tly  l ib e r a te d  by th y ro id  p ro te o ly t ic  enzy m es*  T he 
io d o th y ro n in e s  a r e  r e le a s e d  in to  th e  p la s m a ; th e  io d o ty ro s in e s  
a r e  d e io d in a te d , an d  th e i r  io d id e  is  r e u t i l iz e d  w ith in  th e  g lan d .
In  th e  p e r ip h e r a l  t i s s u e s  th e  iodothyx*onines e x e r t  t h e i r  m e ta b o lic  
e f fe c t , and  in  tu r n  a r e  d e g ra d e d . T h e ir  io d id e  i s  r e le a s e d  to  
m ix  in  th e  p la s m a  pool w ith  th e  new ly in g e s te d  io d id e  and  to  
t r a v e r s e  th is  c y c le  once  again*
(1) Io d id e -c o n c e n tra t in g  p r o c e s s .
T h is  p r o c e s s  can  be a r b i t r a r i l y  d iv id ed  in to  tw o s ta g e s ; -  
io d id e  t r a n s p o r t  and  io d id e  binding*
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Io d id e  T r a n s p o r t  « T h is  h a s  r e c e n t ly  b ee n  re v ie w e d  by W olff 
( 1964^). T h e  th y ro id a l  t r a n s p o r t  p r o c e s s  r e s u l t s  in  th e  
c o n c e n tra t io n  of f r e e  io d id e  in s id e  th e  lu m e n  of th e  fo ll ic le  
(P i t t^ R iv e r s  and  T r o t t e r ,  1953). A lthough  th is  lo c a l iz a t io n  
m ig h t in i t ia l ly  su g g e s t th a t  a c tiv e  t r a n s p o r t  o c c u r s  a t th e  
a p ic a l m a rg in  of th e  c e l l  t r a n s f e r r in g  io d id e  in to  th e  c o llo id  
space*  d a ta  a r e  a v a ila b le  w h ich  lo c a te  th e  c o n c e n tra t io n  
p r o c e s s  a t th e  c e l l  base*  T he m o s t  d i r e c t  e v id en ce  fo r  th is  
i s  th e  c o n c e n tra t io n  of f r e e  io d id e  by is o la te d  th y ro id  c e lls  
(Tong* K e rk o f  and  Chaikoff* 1962)* T he e x a c t m e c h a n is m  of 
t r a n s p o r t  r e m a in s  unknown* H o w ev er, i t  h a s  b e e n  show n th a t  
th e  p r o c e s s  i s  energy-*dependen t (F re in k e l  and  In g b a r ,  1955), 
and  c a n  be s a tu r a te d  by  io d id e  (W y n g aard en , S ta n b u ry  and Rapp* 
1953)* W olff and  M a u re y  (1958) o b s e rv e d  th a t  th e  p r o c e s s  is  
dependent*  and  a  r e la t io n s h ip  to  th e  A T P  a s  e a c tiv i ty  of 
c e l l  m e m b ra n e s  (T u rk ing ton*  1962) an d  of th y ro id  hoxnogenates 
(W olff an d  Plalm i* 1963) h a s  b ee n  shown* I t  h a s  b e e n  aproposed 
th a t  A T P  a s  e a c tiv i ty  is  r e la te d  to  an  e n e rg y *  re q u ir in g  s te p  in  
io d id e  t r a n s p o r t*  V ilk k i (1962) found  th a t io d id e  fo rm s  a  
co m p lex  w ith  th y ro id a l  le c i th in  an d  th e  k in e tic s  of iodide-*
b in d in g  to  th y ro id a l  p h o sp h o lip id s  h av e  b e e n  s tu d ie d  by 
S c h n e id e r  an d  W olff (1965)*
S ite  of Io d id e  B ind ing  * T he lo c u s  of b ind ing  of io d id e  to  ty ro s in e
i s  no t y e t  c l e a r ;  h o w ev e r i t  i s  g e n e ra lly  a c c e p te d  th a t  io d in a tio n
o c c u rs  on  ty r o s in e  bound  in  p ep tid e  lin k a g e  r a th e r  th a n  on f r e e
ty ro s in e  th a t  i s  su b se q u e n tly  in c o rp o ra te d  in to  p ro te in .  T h e
m o s t  c o n c lu s iv e  ev id en c e  fo r  th is  se q u en ce  i s  th e  a b s e n c e  of
s p e c if ic  io d o ty rb sin e* ^ ac tiv a tin g  e n z y m e s  o r  r e c e p to r  tR N A  in
th e  th y ro id  g la n d  (A le x a n d e r , 1964; C a r to u a o u , A q u a ro n  and
l i i s s i t z k y ,  1964), an d  th e  in h ib itio n  of p ro te in  s y n th e s is  by
p u ro m y c in  w ith o u t c e s s a t io n  of p ro te in  io d in a tio n  (Soodak, M aloof
and  S a to , 1964; S eed  and G o ld b e rg , 1965)* .R a d io au to g ra p h y  
131u s in g  I c le a r ly  d e m o n s tr a te s  th e  p re d o m in a n t lo c a l i s a t io n  of 
131pro tein -^bound  I w ith in  th e  fo l l ic u la r  lu m e n  ev e n  a  few  se c o n d s
a f te r  a d m in is t r a t io n  of t r a c e r  iso to p e  (W ollm an  and  W odinsky ,
1955; P i t t^ R iv e r s ,  N iven  and  Y oung, 1964)* I t  i s  a p p a re n t
131h o w e v e r , in  m an y  ra d io  au to  g ra p h s , th a t  p ro te in -b o u n d  I f i r s t  
a p p e a r s  in  r in g s  ro u n d  th e  p e r ip h e ry  of th e  lu m in a l sp a c e  l a t e r  
d iffu s in g  to  g iv e  a  u n ifo rm  b la ck en in g  of th e  c o llo id , and  i t  s e e m s  
th a t  io d in a tio n  d o es  o c c u r  in i t ia l ly  n e a r  th e  c o l lo id ^ c e ll  in te r f a c e
in  p ro x im ity  to  th e  m ic ro v iU i (S te ih  and  G r o s s ,  1964; W illia m s  
and  V ic k e ry , 1965),
(2) M e c h a n ism  of lo d o ty ro s in e  F o rm a tio n
Io d in a tio n  in  m ito c h o n d r ia l  and  m ic ro s o m a l  p r e p a ra t io n s
d e r iv e d  f ro m  sh e e p  and  c a lf - th y ro id  t i s s u e  h a s  b e e n  in v e s t ig a te d
by De G ro o t and  h is  co -^w orkers (De G ro o t and  C a rv a lh o , I960;
De G ro o t an d  D a v is j 1961; De G ro o t, T h o m so n  and  D unn, 1965),
131B oth  a n im a l t i s s u e s  co n ta in  an  en zy m e ca p ab le  o f b in d in g  I 
to  ty ro s in e  in  p a r t ic u la te  p ro te in  o r  to  so lu b le  ty ro s in e  (De G ro o t 
and  D a v is , 1962; De G ro o t e t ah, 1965), T h e  r e a c t io n s  a r e  
au g m e n te d  by and a r e  in h ib ite d  by S H -co m p o u n d s e s p e c ia l ly
a n t i th y ro id  d ru g s .  T he e v id en ce  a v a ila b le  s u g g e s ts  th a t  fo rm a tio n  
of o r  so m e  o th e r  b io lo g ic a l o x id iz e r  i s  u s e d  to  o x id ize  io d id e
to  a  m o re  r e a c t iv e  s ta te  f o r  io d in a tio n  of ty r o s in e .  H o w ev er 
th e r e  i s  no p ro o f  a s  y e t  f o r  a  d is t in c t  * tyrosine-»iodinase*  en zy m e  
fo r  th e  p ro d u c tio n  o f mono-^ and  d i-  io d o ty ro s in e .
(3) S eq u en ce  of F o rm a t io n  of lo d o ty ro s in e s  an d  Ib d o th y ro n in e s
F r o m  in  v ivo  s tu d ie s  i t  h a s  b ee n  show n th a t  mono
io d o ty ro s in e  i s  th e  p r e c u r s o r  of d iio d o ty ro s in e  (T a u ro g , T ong and 
C h a ik o ff, 1958% P i t t - K iv e r s ,  1962), T h y ro x in e  and  S-^Ô^S’tri-*
io d o th y ro n in e  a r e  th e n  fo rm e d  by th e  co u p lin g  of tw o io d o ty ro s in e  
r e s id u e s  w ith  th e  sp li t t in g  ou t of th e  r e s id u e  of one a la n in e  
s id e * c h a in  (Jo h n so n  and  T e w k e sb u ry , 1942; P la s k e t t  and  
B a rn a b y , 1964), T h y ro g lo b u lin  s e rv e s  a s  th e  m a t r ix  w ith in  
w h ich  th e  co u p lin g  o c c u rs  in  th e  fo rm a tio n  of io d o th y fo n in e s .
I t  i s  in  ad d itio n  th e  s to ra g e  s i te  of th y ro id  h o rm o n e .
V*
(4) B io a y n th e e is  of T h y ro g lo b u lin
T h y ro g io b u lin  h a s  b eeh  c h a r a c te r iz e d  in  s e v e r a l  m a m m a ls  
a s  a  g ly c o p ro te in  of m o le c u la r  w eig h t a p p ro x im a te ly  650,000* 
F r o m  in  v i t r o  s tu d ie s  u s in g  sheep-.:thyroid s l i c e s ,  S e e d ,
G o ld b e rg  and  c o * w o rk e rs  h av e  d e m o n s tr a te d , in  a  s e r i e s  of 
p a p e r s ,  th e  m e c h a n is m  of fo rm a tio n  of th e  p o ly p ep tid e  ch a in s  of 
th y ro g io b u lin . W hen ra d io a c tiv e  am in o  a c id s  a r e  in c o rp o ra te d  
in to  th y ro g io b u lin  (198 in  m o le c u la r  s iz e )  by th y ro id  s l i c e s  la b e l  is  
d e te c te d  in  m o re  s lo w ly  s e d im e n tin g  p ro te in s  (3 * 88 an d  128) 
b e fo re  i t  a p p e a r s  in  th y ro g io b u lin  (S eed  ahd  G o ld b e rg , 1963,
1965; B is e i tz k y , R oques,. T o r r e s a n i ,  S im on  an d  B o u ch illo u x , 
1964)* F d e ih o c h  and  B ip p o ld t (I9 6 0 , 1962) h av e  show n th a t 
th y ro g io b u lin  i s  c o m p o se d  of tw o h a lf  ^ m o le c u le s  (128) w h ich  in  
tu r n  c o n s is t  of tw o p o ly p e p tid e  c h a in s  (3 * 68) l in k e d  by
d isu lp h id e  b o n d s . T h is  su g g e s ts  th a t  th e  m o re  s lo w ly  
se d im e n tin g  ra d io a c tiv e  p ro te in s  a r e  su b * u n its  of th y ro g io b u lin , 
and  p o s s ib ly  r e p r e s e n t  in te rm e d ia te  s ta g e s  in  th y ro g io b u lin  
b io s y n th e s is .  T h is  p o s tu la te  i s  s u p p o r te d  by r e s u l t s  of k in e tic  
e x p e r im e n ts  an d  by th e  p h y s ic a l and  im m u n o lo g ic a l p r o p e r t ie s  
of th e s e  p ro te in s  (S eed  an d  G o ld b e rg , 1963, 1965; B ise itz k y  
e t aL,< 1964; S e llin  an d  G o ld b e rg , 1965).
T h e r e  i s  a ls o  so m e  ev id en ce  th a t  th y ro g io b u lin  i s  u n s ta b le  
w hen  f i r s t  fo rm e d . T h y ro g io b u lin  in to  w h ich  ra d io a c tiv e  am in o  
a c id s  and  io d in e  h av e  b e e n  in c o rp o ra te d  in  v i t r o  s e d im e n ts  m o re  
slow ly  an d  i s  m o re  la b ile  to  d is s o c ia t io n  in to  128 h a l f ’-m o le c u le s  
th a n  p r e - e x is t in g  th y ro g io b u lin . S in ce  io d in a tio n  o c c u rs  a f te r  
fo rm a tio n  of th e  p o ly p ep tid e  back b o n e  (T a u ro g  an d  H o w e lls ,
1964; S e e d  and  G o ld b e rg , 1965; T is h ie r  and  In g b a r ,  1965) 
an d  s in c e  s y n th e s is  of i t s  c a rb o h y d ra te  and  p o ly p ep tid e  
co m p o n en ts  a r e  s e p a r a te  s ta g e s  in  th y ro g io b u lin  b io s y n th e s is  
(S p iro  an d  S p iro , 1965a), th e  g r e a t e r  e a s e  of b reak d o w n  of 
th e  new ly  fo rm e d  th y ro g io b u lin , p o o r in  io d in e  and  p e rh a p s  in  
c a rb o h y d ra te ,  co u ld  be a s c r ib e d  to  i t s  l e s s  c o m p a c t t e r t i a r y  
s t r u c tu r e  i .  d* a  m a n ife s ta t io n  of i t s  r e la t iv e  b io c h e m ic a l
Aim m a tu r i ty .  ‘T he c h e m ic a l a l te r a t io n s ,w h ic h  c o n fe r  ‘m a tu rity *  
upon  th y ro g io b u lin  m ay  be s e v e r a l ,  in c lu d in g  io d in a tio n , 
c a rb o h y d ra te  ad d itio n  and  p o s s ib ly  in te rc h a in  c o v a le n t bond  
fo rm a tio n *  in  th is  c o n n e c tio n  i t  sh o u ld  be n o te d  t h a t  a  27S 
io d o p ro te in , w h ich  a p p e a r s  to  be a  p o ly m e r  of th y ro g io b u lin  
su b * u n its , h a s  b è e i t . is o la te d  f ro m  h u m a n  an d  bo v in e  th y ro id  
g la n d s  (8 a iv a tq re ,  ÿ e c c h io ,  S a lv a to re ,  C ah n m an n  and  R o b b in s , 
1966) * T h is  io d o p ro te in  a p p e a r s  to  h av e  a  h ig h e r  io d in e  
c o n te n t th a n  th y ro g io b u lin , and  m ay  b e a r  a  s im i l a r  r e la t io n s h ip  
to  th y ro g io b u lin  a s  does h a e m o s id e r in  to  f e r r i t i n  -  i r o n - s to r a g e  
p ro te in s*
(5) R e le a s e  of T h y ro id  H o rm o n e  f ro m  th e  T h y ro id
O nce fo rm e d  by co u p lin g , io  do th y ro n in e s  a r e  e i th e r  
s to r e d  in  th y ro g io b u lin  o r  r e le a s e d  in to  th e  b lo o d s tre a m .
R e le a s e  i s  a c c o m p lis h e d  by a  s e r i e s  of p r o te a s e s  an d  p e p tid a s e s  
w h ich  a s  y e t  h a v e  n o t b ee n  w e ll c h a r a c te r iz e d  (B ito n ju a , I960; 
M cQ u illan , M ath ew s an d  T r ik o ju s ,  1961* P o f f e n b a rg e r ,  P o w e ll 
and  D e is s ,  1963)* B it t le  i s  know n of th e  in t r a c e l l u la r  lo c a tio n  
of th is  p r o c e s s .  H o w e v e r , th e  p r e s e n c e  in  m an y  c e l ls  of 
o rg a n e l le s  c a lle d  ly s o s o m e s  (A p p lem an s , W a ttiau x  an d  De D uve,
1955) w h ich  c o n ta in  a  v a r ie ty  of p ro te o ly t ic  e n z y m e s , lo a d s  
to  th e  s u g g e s tio n  th a t  th o s e  o rg a n e l le s ,  if  th e y  o c c u r  in  th e  
th y ro id ,  m a y  be in v o lv e d  in  th e  px 'O teolysis o£ th y ro g io b u lin  
D ro p le ts  w h ich  s ta in  l ik e  c o llo id  h a v e  b e e n  d e te c te d  in  th e  
c y to p la s m  of th y ro id  f o l l ic u la r  ep ith eU a  a l t e r  TSH a t im u la tio n  
(W o llm an , S p ic e r  an d  B u r  s to n e , 19641 W e tz e l, S p ic e r  and  
W o llm an , 1965). A c id  p h o s p h a ta s e  and  e s t e r  a s  e w o re  lo c a l iz e d  
in  th e s e  d ro p le ts  ' an d , in  a d d itio n , in  g ra n u le s  la r g e ly  lo c a te d  
a ro u n d  th e  n u c le u s .  T h e s e  h y d ro ly tic  e n z y m e s  a r e  c h a r a c te r i s t i c  
o£ ly s o s o m e s  (Do D u v e , 1959). T h u s  i t  a%)pears th a t  th y ro id  c e l ls  
c o n ta in  p refo i* m éd  h y d ro ly tic  en z y m e s  à s o o e ia te d  v /itli ly so so m e s*  
W hen the^^and i s  s t i rm ü a tc d  by TSH  in t r a c c l l r d a r  d ro p le ts  aire 
f o rm e d  f r o m  c o llo id  d e r iv e d  f r o m  th e ',v e s ic le s  an d  h y d ro ly tic  
e n z y m e s  a r e  t r a n s f e r r e d  f ro m  th e  ly s o s o m e s  to  th o s e  d r o p le t s , 
T h e s e  d ro p le ts  m a y -b e  th e  I n t r a c e l lu la r  o r g a n e l le s  .for. th e  
h y d ro ly s is  of c o llo id  aind l ib e r a t io n  of th y ro id  h o rm o n e  p r io r  to  
ro lo a s o  in to  th e  b lo o d s tre a m *
F u r t h e r  e v id e n c e  fo r. th is  p r o c e s s  c o m e s  f r o m  s tu d ie s  
of B a la s ru b r a m a n la m i D e ia s ,  T a n  and  R o w e ll (1965). Dog 
th y ro id  g la n d s  w e re  p r e la b e l le d  w ith  ^^^1 an d  th o  a n im a ls
îc illed  s h o r t ly  a f te r  TSH t r e a tm e n t ,  D if fe re n tia l  c e n tr ifu g a tio n
of th e  h o m o g e n iz e d  th y ro id s  show ed  th e  h ig h e s t  la b e ll in g  of 
131p ro te in -b o u n d  I in  th e  f r a c t io n  w h e re  ly s o s o m e s  w ould  
s e d im e n t if  p r e s e n t  in  th e  th y ro id  honrqgenate*
R o le  of T h y ro tro p in  
T h e  f i r s t  d e m o n s tra t io n  th a t  th e  a c t iv i ty  of th e  th y ro id  
g la n d  w as  d ep en d en t on a  h o rm o n e  s e c r e te d  by th e  j  p i tu i ta ry  
g la n d  w as  m a d e  by S m ith  and  S m ith  (1922), w hen  th e y  show ed  
th a t ,  in  h y p o p h y se c to m iz e d  ta d p o le s ,  th e  a t ro p h ic  th y ro id  
g la n d  co u ld  be  m a d e  to  h y p e r tro p h y  by in je c t io n s  of bov ine 
a n te r io r  p i tu i ta ry  t is su e *  S m ith  (1926) s u b se q u e n tly  d ev e lo p ed  
a  te c h n iq u e  fo r  h y p o p h y se  e te rn iz in g  th e  r a t  an d  w a s  ab le  to  
d e m o n s tr a te  th e  s t im u la to ry  a c tio n  of p i tu i ta ry  e x t r a c t s  on th e  
th y ro id  of th e  h y p o p h y se c to m iz e d  a n im a l. I t  w a s  su b se q u e n tly  
show n th a t  fu n c tio n in g  of th e  n o rm a l  th y ro id  g la n d  a t  a  
p h y s io lo g ic a lly  s ig n if ic a n t le v e l  is  d ep en d en t upon  th e  s t im u la to ry  
e ffe c t of th e  h o rm o n e  th y ro tro p in  f ro m  th e  a n t e r io r  p itu ita ry *  
T h y ro tro p in  i s  s e c r e te d  by  a  sp e c if ic  ty p e  of b a s o p h il  c e l l  in  
th e  a n te r io r  p i tu i ta ry  i ( P u r v e s  an d  G r ie s  b a c h , 1951) and  is  a  
g ly c o p ro te in  of m o le c u la r  w e ig h t abou t 2 6 ,0 0 0 , b u t i t s  s t r u c tu r e
1 ^ '
apd  am in o  a c id  se q u e n c e  h av e  n o t y e t  b ee n  c h a r a c te r i z e d .
C o n tro l of TSH S e c re t io n
I t  w as  show n by A ro n , C a u la e r t  and  S ta h l (1931) th a t 
la c k  of th y ro id  h o rm o n e  s t im u la te d  th e  s e c r e t io n  of TSH f ro m  
th e  p i tu i ta ry ,  w h ile  an  e x c e s s  of h o rm o n e  w as in h ib i to ry , and  
V on E u le r  an d  H o lm g re s s  (1956) found  th a t  th y ro x in e  in je c te d  
in to  th e  p i tu i ta ry  g la n d  c a u s e d  d e c re a s e d  s e c r e t io n  of th y ro tro p in  
f ro m  th e  g la n d , B ogdanove an d  C ra b i l l  (1961) im p la n te d  th y ro id  
t i s s u e  d i r e c t ly  in to  th e  p i tu i ta ry  and  found th a t  i t  in d u c e d  a  lo c a l  
r e s p o n s e  in  th e  th y ro tro p in -p ro d u c in g  c e l l s .  T h u s  th é  c o n tro l 
m e c h a n is m  of a c tio n  of th y ro id  h o rm o n e  in  in h ib itin g  th y ro tro p in  
s e c r e t io n  is  s e e n  to  be one of n e g a tiv e  fe e d b a c k  in  th e  s e n s e  th a t 
th y ro id  h o rm o n e  a c ts  a g a in s t  i ts  own p roduction*
T h e  r a te  of th y ro id  s e c r e t io n  a lso  r e s e m b le s  th a t  of gon ad a l 
and  a d re n a l  s e c r e t io n  in  b e in g  re s p o n s iv e  to  s t im u l i  f ro m  th e  
e x te rn a l  e n v iro n m e n t w h ich  a c t  p r im a r ly  on th e  c e n t r a l  n e rv o u s  
s y s te m . H o w ev er th e s e  r e s p o n s e s  of th y ro id  s e c r e t io n  r a te  to  
e n v iro n m e n ta l s t im u li  do n o t a lw ay s a p p e a r  to  b e  p ro d u c e d  in  th e  
s a m e  w ay . Som e a r e  a p p a re n tly  p ro d u c ed  by a l te r a t io n s  in  th e  
r a te  of d e g ra d a tio n  and  e x c re t io n  of th y ro id  h o rm o n e , and  in
o th e r s  th e r e  a p p e a r s  to  be  a  ‘h y p o th a la m ic  effect*  on th e  T SH - 
p ro d u c in g  c e l l s  in  th e  a n te r io r  p i tu i ta ry  r e s u l t in g  in  à  change 
in  th e  le v e l  a t w h ich  th e  th y ro id  h o rm o n e  is  reg u la ted *  In  
co n n e c tio n  w ith  th e  l a t t e r ,  G u ille m in  and  c o -w o r 'k e rs  
(G tiillem in , Y am asiak i, J u t i s z  ahd  S a k iz , 1962; G u ille m in , 
S a ld z  an d  Ward& 1965) h av e  d e m o n s tra te d  th e  e x is te n c e , in  
c ru d e  e x t r a c t s  of h y p o th a la m ic  t i s s u e s ,  of a  p o ly p ep tid e  
s u b s ta n c e , th y r o t r o p in - r e le a s in g  f a c to r  (T K F) w h ich  
s p e c if ic a l ly  s t im u la te s  th e  s e c r e t io n  of TSH f ro m  th e  a n te r io r  
p i tu i ta ry  in  yivo*
T h y ro tro p in  d o es  n o t a p p e a r  to  p la y  any e s s e n t ia l  p a r t  
in  th e  p r o c e s s e s  by w h ich  th e  th y ro id  g lan d  e la b o r a te s  and  
s e c r e te s  i t s  h o rm o n e ; in s te a d  i t  a c c e le r a te s  th e  r a t e s  of 
p r o c e s s e s  of w h ich  th e  thyroid c e ï ls  a r e  in t r in s ic a l ly  capable*  
R e p o r ts  h av e  b ee n  m ad e  of stimulation by TSH o f  m an y  
m e ta b o lic  p r o c e s s a n d  a t  th e  m o m e n t no p a r t i c u la r  fu n c tio n  
c a n  be s a id  to  b e  th e  p r im a r y  s i te  of a c tio n  of TSH ; i t  w ould  
a p p e a r  th a t  th y ro tro p in  a c ts  on th e  th y ro id  c e l l  to  m od ify  a l l  
i t s  a s p e c ts  an d  fu n c tio n s . A b r i e f  s u m m a ry  i s  p r e s e n te d  of 
th e  e f fe c ts  of TSH on th e  s t r u c tu r e  an d  on  v a r io u s  m e ta b o lic
p a th w ay s of th e  th y ro id  gland*
(1) M o rp h o lo g ic a i C h an g es  p ro d u c e d  by TSH
F o llo w in g  th e  e x h ib itio n  6f TSH , t i ie r e  i s  a n  in c r e a s e  
in  th e  v a s c u la r i ty  of th e  th y ro id  g lan d  an d  a  p ro m p t a u g m e n ta tio n  
of f o l l ic u la r  c e ll  h e ig h t. C o n c o m ita n tly , n u c le a r  v o lu m e  in c r e a s e s  
an d  l a t e r  on  m ito t ic  f ig u re s  b ec o m e m o re  freq u en t*  S u s ta in e d  
h y p e r p la s ia  and  h y p e r tro p h y  r e s u l t  in  an  in c r e a s e  in  g la n d u la r  
w eight*
O f p o s s ib le  g r e a t e r  r e le v a n c e  to  th e  m o re  fu n d a m e n ta l 
a c tio n  of th y rb tro p in  a r e  th e  b io c h e m ic a l ch a n g es  u n d e r ly in g  
th e s e  g r o s s  m o rp h o lo g ic a l e ffec ts*  B io c h e m ic a l s tu d ie s  h av e  
b e e n  c a r r i e d  o u t e x te n s iv e ly  u s in g  bo th  in  v i t r o  an d  in  v ivo  sy s te m s*  
On th e  b a s i s  of in  v i t r o  s tu d ie s ,  TSH e ffe c ts  m a y  g e n e ra lly  be 
d iv id ed  in to  two c a te g o r ie s ;  (a) th o se  th a t  a r e  e l ic i te d  by TSH 
in  s y s te m s  u h su p p le m e n te d  w ith  n u tr ie n ts ;  th d s e  r e f le c t  endogenous 
ev e n ts  u n co u p led  to  ex o g en o u s c o n tr ib u tio n s  to  n e t  e n e rg y  b a la n c e , 
and  (b) th o s e  r e f le c t in g  c h a n g es  in  a s s im ila t iv e  fu n c tio n  due to  
TSH; th e s e  can  be d e m o n s tr a te d  on ly  in  su p p le m e n te d  sy s te m s*
B oth  ty p e s  a r e  m e n tio n e d  below*
- I f
(2) M e tab o lic  C h an g es p ro d u c e d  by TSH
(a) E le v a tio n  of O xygen  C o n su m p tio n  T h is  co u ld  be 
o b s e rv e d  a t e a r ly  t im e s  a f te r  th e  a d d itio n  of TSH to  s h e e p -  
th y ro id  s l i c e s  in c u b a te d  in  th e  a b se n c e  of any  exogenous 
m e ta b o l i te s  { F re in k e l, 1957),
(b) E ffe c ts  on  S a lt  and  W a te r  M e ta b o lism  Tw o h o u rs  
a f te r  a  su b c u ta n e o u s  in je c t io n  of TSH in to  g u in e a  p ig s , th e r e
i s  an  in c r e a s e  in  th e  w a te r  and  p o ta s s iu m  co n ten t of th e  th y ro id  
(G edda, I9 6 0 ). S o lom on  (1961) show ed  an  in c r e a s e  in  ^^N a 
u p tak e  in  th e  ch ic k  v e ry  ra p id ly  a f te r  th y ro tro p in  tre a tm e n t*  
T h is  m a y  r e f le c t  th e  n e t t r a n s f e r  of so d iu m  f r o m  th e  lu m e n  
in to  th e  c e l l  on th y ro g io b u lin  p ro te o ly s is ,  o r  an  in c r e a s e  in  
p e rm e a b il i ty  of th e  c e ll  m e m b ra n e  a ffec tin g  io n  t r a n s p o r t .
(c) E ffe c ts  on C a rb o h y d ra te  M e ta b o lism  TSH ad d ed  in  
v i t r o  p ro m o te s  th e  a s s im i la t io n  of g lu c o se  f ro m  th e  su sp en d in g  
m e d iu m  by s h e e p - th y ro id  s l i c e s  (F ie ld , P a s ta n ,  Jo h n so n  and  
H e r r in g ,  I960 ; F r e in k e l ,  I9 6 0 ). A tte m p ts  to  show  s e p a ra te  
e f fe c ts  of TSH upon  a l te rn a t iv e  p a thw ays of g lu c o se  m e ta b o l is m
h av e  b e e n  l im ite d  to  a n a ly s e s  of d if fe re n t r a te s  of ev o lu tio n  of
2 f ro m  ( l-^ ^ C )  g lu c o se  and  (6 -^^C ) g lu c o se  (D um ont, 1961;
F ie ld  e t  aU I960; S c h u s s le r  a n d  In g b a r , 1961). B e c a u se  
of the  s t r ik in g  in c r e a s e  in  CO^ év o lu tio n  f ro m  (1 -^^C ) 
g lu c o se  w h ich  c a n  be d e m o n s tr a te d  in  v i t r o  in  a s  l i t t l e  a s  
f iv e  m in u te s  (F ie ld  e t aL, I960 ; D um ont, 1961), i t  h a s  b een  
p o s tu la te d  th a t  th y ro tro p in  s e le c t iv e ly  a c t iv a te s  th e  h e x o se  
m o n o p h o sp h a te  p a th w ay , an d  th a t  th is  m ay  c o n s ti tu te  th e  
p r im a r y  lo c u s  of TSH a c tio n  (F ie ld  e t aL, I9 6 0 ), T h e re  is  
an  o b je c tio n  to  th is  p ro p o s a l  in  v iew  of th e  w e ll-d o c u m e n te d  
r e a c t io n s  to  T3H w h ich  o c c u r  in  u n su p p le m e n te d  s y s te m s  
d e s p ite  th e  v e ry  low  le v e ls  of in t r a th y ro id a l  g ly co g en .
i t  h a s  b ee n  s u g g e s te d  th a t  th e  in c r e a s e  in  g lu c o se  
o x id a tio n  i s  s e c o n d a ry  to  ch a n g es  in  p y r id in e  n u c le o tid e  
c o n c e n tra t io n  s in c e  a  c o n v e rs io n  of NAD to  N A D P w ould  
p ro m o te  g lu c o se  o x id a tio n  by th e  h e x e s e  m o n o p h o sp h a te  
p a th w ay . S tu d ie s  h av e  in d ic a te d  th a t  TSH d o es  no t a l t e r  th e  
O xidation  of N A D FH  by th y ro id  m ito c h o n d r ia l -m ic ro s o m a l  
p r e p a r a t io n s  a lth o u g h  th e  h o rm o n e  d o es  in c r e a s e  le v e ls  of 
NADP in  th y ro id  s l i c e s  d u r in g  in c u b a tio n  in  a  m e d iu m  
co n ta in in g  g lu c o se  (F ie ld , P a s ta n ,  H e r r in g  an d  Jo h n so n , 
1961) and  a ls o  in  th e  a b s e n c e  of g lu c o se  ( P a s ta n ,  H e r r in g
an d  F ie ld ,  1961), T h y ro tro p in  can s  e s  a  r i s e  in  N A D P, an
e q u iv a le n t f a l l  in  NAD, an d  n e g lig ib le  c h a n g e s  in  NADPH and
NADH. O n th e  b a s is  of th e  r e c ip r o c a l  a l te r a t io n s  in  th e
c o n c e n tra t io n s  of NADP and  N A D, P a s ta n  e t  al# (1961) h av e
s u g g e s te d  th a t  th e  in c r e a s e d  NADP is  d e r iv e d  f ro m  a
c o n v e rs io n  of NAD p o s s ib ly  th ro u g h  NAD k in a s e  and  th a t th e
ch an g es  due to  TSH fo llow  f ro m  en h a n ced  a v a ila b il i ty  of NADP*
H o w e v e r , - th is  can n o t be  due to  de novo s y n th e s is  of NAD k in a s e
s in c e , in  th e  p r e s e n c e  of p u ro m y c in  a t a  c o n c e n tra t io n
,14su ff ic ie n t  to  in h ib it  th e  u p ta k e  of ( C) le u c in e  in to  th y ro id  
p ro te in ,  th e  TSH e ffe c t on g lu c o se  o x id a tio n  i s  s t i l l  d e m o n s tra b le  
(F ie ld , Jo h n so n , K endig  an d  P a s ta n ,  1963). A lso  s tu d ie s  of F ie ld ,  
R e m e r  an d  E p s te in  (1965) su g g e s t th a t  NAD i s  n o t r a te - l im i t in g  in  
th e  fo rm a tio n  of N A DP by th e  en zy m e NAD k in a s e  b e c a u s e  th e  
e ffe c t o f TSH on  th y ro id  g lu c o se  o x id a tio n  is  on ly  s ig n if ic a n tly  
re d u c e d  w hen  th e r e  a r e  v e ry  m a rk e d  re d u c tio n s  of NAD* 
S u b seq u e n t in v e s tig a tio n s  c a r r i e d  ou t on th is  e f fe c t of TSH h av e  
n o t y e t  c la r i f i e d  th e  s i tu a t io n . I t  h a s  a ls o  b e e n  show n th a t  TSH 
au g m en ts  th e  o x id a tio n  of o th e r  m e ta b o li th s  su c h  a s  a c e ta te ,  
p y ru v a te , g lu c o n a te  and  g lu co n o lac to n e  in  v i t r o .
(d) , E ffe c ts  oh P H o sp h o ru s  and  P h o sp h q iip id  M e ta b o lism
F r e in k e l  ( 1963) b a a  show n th a t  s h o r t ly  a f te r  th e  ad d itio n  of TSH
to  t i s s u e  s l ic q s  in t r a th y ro id a l  in o rg a n ic  p h o sp h a te  w as
in v a r ia b ly  a u g m e n te d . T h is  co u ld  no t be  a t t r ib u te d  s o le ly  to
an  in f lu x  of p h o sp h a te  f ro m  th e  e x te rn a l  m e d iu m , an d  in
co n se q u e n c e  th y ro id a l  p h o sp h a ta se  a c tiv i ty  m u s t  o c c u r  v e ry
so o n  a f te r  TSK, a d m in is t r a t io n .  T h e  n a tu re  of th e  p h o sp h a ta se s
in v o lv e d  h av e  n o t y e t b e e n  e lu c id a te d . T u ^ k in g to n  (1962) h a s
d e m o n s tr a te d  an  in c r e a s e  in  m e m b ra n e  p h o s p h a ta s e  a c tiv ity
s h o r t ly  a f te r  TSH t r e a tm e n t .  T h is  m ay  be c o n n e c te d  w ith
e n e rg y -d e p e n d e n t p r o c e s s e s  f o r  io d id e  tra p p in g  o r  w ith  an
e n e rg y  r e q u ir e m e n t  fo r  en g u lfm en t of colloid# T h y ro tro p in  a ls o
32c a u s e s  a  2 -  to  3 - fo ld  s t im u la tio n  of P  u p ta k e  in to  to ta l  l ip id  
p h o sp h o ru s  in  v a r io u s  th y ro id  t i s s u e s  (F r e in k e l ,  1957), B oth  
F r e in k e l  (1957) and  V illcki (1961) n o te d  th a t  th e  m o s t  p ro m in e n t 
la b e ll in g  w as  in  th e  p h ô sp h o in o s îtid e  f r a c t io n  u n d e r  in  v i t r o
c o n d itio n s . A n en h an c in g  e f fe c t of TSH upon  th e  in c o rp o ra t io n  
Of ( C) in o s i to l  in to  p h o sp h a tid e  h a s  a ls o  b e e n  r e p o r te d  
( F r e in k e l ,  I960)* T h e s e  l a t t e r  o b s e rv a tio n s  s u g g e s t  th a t  th e re  
m a y  b e  an  in  v i t r o  re n e w a l of th e  e n t i r e  p h o sp h o in o s itid e
m o le c u le  fo llow ing  TSH a d m in is tra tio n *
(e) E ffe c ts  on Io d in e  M e ta b o lism  TSH p ro m p tly  e n h a n ce s  
g la n d u la r  p ro d u c tio n  and  r e le a s e  of io d id e , and  th e  s t im u la tio n  
of g la n d u la r  io d id e  p ro d u c tio n  in c lu d e s  n o t on ly  an  in c r e a s e d  
r a t e  of l ib e r a t io n  of io  doty  ro  s in e s  f ro m  p e p tid e  lin k a g e , bu t 
a lso  an  in c r e a s e d  d e io d in a tin g  a c tiv ity  (N a g a ta k i, S h izu m e  and  
O k in ak a , I 9 6 l ;  R o s e n b e rg , A th a n s , A im , and  B e h a r ,  1961)*
Tong (1964) h a s  a ls o  d e m o n s tr a te d  a  s t im u la to ry  e f fe c t of TSH 
on th e  s y n th e s is  of th y ro x in e  by is o la te d  th y ro id  c e l l s .  T he 
e f fe c t of th y ro tro p in  on th e  u p tak e  of io d in e  a p p e a r s  to  o c c u r  
a t  a  l a t e r  tim e*  H a lm i an d  c o -w o rk e rs  (H a lm i, 1957; H a lm i, 
G ra n n e r ,  D o u g h m an , H e te r s  and  M illie r , I960) h av e  p r e s e n te d  
d e ta ile d  e v id en ce  th a t th e  io d id e  'trap *  in  th e  r a t  th y ro id  g lan d  
i s  r e d u c e d  s h o r t ly  a f te r  TSH a d m in is t r a t io n  and  v a lu e s  above 
n o rm a l a r e  no t o b ta in e d  u n til  th e  l a t e r  p h a s e s  of TSH action*
T h is  i s  due to  an  in i t ia l  en h a n c e d  e x it of th y ro id a l  io d id e , w h ich  
e x p la in s  th e  b ip h a s ic  r e s p o n s e  (H a lm i e t a l ,  I960 ; H a lm i, 1961),
(f) E ffe c ts  on A m in o  A c id  and  P r o te in  M e ta b o lis m  P r o te o ly s is  
of th y ro g io b u lin  o c c u r s  v ir tu a l ly  im m e d ia te ly  on TSH t r e a tm e n t .  
C o llo id  d ro p le ts  a p p e a r  to  be en g u lfed  f ro m  th e  lu m e n  in to  th e
th y ro id  c e i ls  and  th e i r  th y ro g io b u lin  co n ten t d e g ra d e d  by 
ly s o s o m a l p ro te o ly t ic  e n z y m e s  w ith  th e  r e le a s e  of th y ro id  
h o rm o n e  (W o llm an , S p ic e r  and  B u r s to n e , 1964}. D ebons and  
P i tm a n  (1962) h av e  d e m o n s tra te d  a  T S H -e n h a n ced  u p ta k e  of a m in o -  
is o b u ty r ic  a c id  in to  th y ro id  g lan d  s l ic e s  in  v i t r o . R a g h u p a th y , 
T ong an d  C h a ik o ff (1963) h av e  show n th a t  th e r e  i s  an  in c r e a s e  
in  am in o  a c id  u p ta k e  in to  th e  p ro te in  of t i s s u e  s l i c e s  f ro m  T SH - 
t r e a te d  a n im a ls  an d  TSH a ls o  s t im u la te s  th e  in c o rp o ra t io n  of 
( C) le u c in e  an d  I in to  p ro te in  by is o la te d  th y ro id  cells^
(T ong , Î9 6 5 ; R ag h u p a th y , K a rk o f  an d  C h a ik o ff, 1965).
(g) E ffe c ts  on N u c le ic  A c id  M e ta b o lism  F ia l a ,  S p ro u l and  
F i a l a  (1957) d e m o n s tr a te d  th a t  TSH a d m in is te r e d  in  v ivo  in c r e a s e d  
th e  RNA co n ten t of r a t  th y ro id  h ô m o g e n à te s .  I t  w as  su b se q u e n tly  
show n by M ato v in o v io  and  V ic k e ry  (1959) an d  E ld io lm  and  P a n tic  
(1963) th a t  p ro lo n g e d  t r e a tm e n t  w ith  th y ro tro p in  in  v iv o  c a u s e d  an  
e n h a n c e m e n t in  tlie  RNA co n te n t o f th e  th y ro id  fo llo w ed  by an  
in c r e a s e  in  DNA co n te n t due to  c e ll  d iv is io n . T h e s e  e f fe c ts  w e re  
a c c o m p a n ie d  by an  in c r e a s e  in  th y ro id  p r o te in  c o n te n t. H a ll  
(1963, 1965) h a s  show n th a t  TSH in c r e a s e d  th e  u p ta k e  of ( "C) 
fo rm a te  in to  th e  purine©  of t i s s u e  ©lice RNA a f te r  a  3 -h o u r
in c u b a tio n  p e r io d . H e a t t r ib u te d  th is  e ffe c t to  an  in c r e a s e  
In  a v a iia b ie  r ib o s e  l o r  p u r in e  s y n th e s is  q a u s e d  by T S iï 
s t im u la t ip h  o f g lu c o se  o x id a tio n  v ia  th e  h fx o s e  m o n o p h o sp h a te  
pathw ay* H a ll (1963) a ls o  show ed  th a t  ( !^ G) ad e n in e  in c o rp o ra t io n  
in to  th e  RNA of c a if - th y ro id  s l ic e s  w as r a i s e d  by  TSH# T h is  
S u g g es ts  th a t  T ^  a ls o  in c r e a s e  th e  u p ta k e  of la b e lle d  
p r e c u r s o r s  in tb  RNA by s t im u la tin g  RNA tu r n o v e r  à s  w e ll as  
h av in g  an  e ffo c t b n  th e  r a te  of sy n th W is  of th e  p r e c u r s o r s  ^
T h u s i t  c a n  ,be;; e e e A th a t  once th e  fuU m e ta b o lic  r e s p o n s e  ' 
to  th y ro trq p in  h a s  b ee n  e s ta b l i s h e d  a ll  p h a s e s  of th y ro id  
m e tab o U c  tu r n o v e r  a r e  a c t i v a t e d ^ ;H f ro m  c u r r e n t
know ledge i t  i s  im x^ossib le to  d e te rm in e  th e  se q u e n c e  of th o se  
T S H -s t im u la té d  e v e n ts ,  an d  th u s  no s in g le  s te p  c a n  a s  y e t  be 
d e fin e d  a s  th e  t r i g g e r  m e c h a n is m  in  r e s p o n s e  to  T SH , if  in d e e d  
su c h  a  s in g le  m e c h a n is m  e x is ts*  T h e  e v id e n c e  of r e la t io n s h ip s  
b e tw een  th e  v a r io u s  a c tio n s  of TSH on th e  th y ro id  g lan d  w ill be  
r e c o n s id e r e d  a f te r  o u r  ow n e x p e r im e n ts  h av e  b e e n  d e s c r ib e d .
F r o m  th e  e x p e r im e n ta l  e v id en ce  d e s c r ib e d  above th e r e  
i s  l i t t l e  in fo rm a tio n  c o n c e rn in g  th e  e a r ly  a c tio n s  of TSH on  th e  
n u c le ic  a c id  m e ta b o l is m  of th e  th y ro id  fo l l ic u la r  c e l l s .  H o rm o n e s
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a c t  d i r e c t ly  o r  in d ir e c t ly  by c o n tro ll in g  th e  a c t iv i ty  of g en es  
w h ich  a r e  in  a  co n tin u a l s ta te  of f lu x  in  r e s p o n s e  to  p a r t ic u la r  
s t im u l i .  I t  i s  c u r r e n t ly  th o u g h t th a t  tlio s i te  of a c tio n  of m any  
h o rm o n e s  i s  a t  o r  n e a r  th e  g e n e tic  le v e l on th e  b a s is  of s tu d ie s  
o f h o rm o n a l e f fe c ts  on th e  c o n tro l  of c e l lu la r  p ro te in  s y n th e s is .  
T h e  c u r r e n t  c o n c e p ts  of th e  p r o c e s s e s  in v o lv e d  in  th e  re g u la tio n  
of c e l lu la r  p ro te in  b io s y n th e s is  w ill be d e s c r ib e d  b r ie f ly  in  o r d e r  
to  f a c i l i ta te  d is c u s s io n  of r e p o r te d  h o rm o n a l e f fe c ts  on th e s e  
r e g u la to ry  m e c h a n is m s .
C o n tro l M e c h a n ism s  of P r o te jh  S y n th e s is  
A ny th e o r ie s  on th e  re g u la tio n  of th e  b io c h e m ic a l r e a c t io n s  
in v o lv e d  in  c e l lu la r  p ro te in  s y n th e s is  m u s t be  c o n s id e re d  in  th e  
l ig h t of p r e s e n t  know led g e  of th e  m e c h a n is m s  in v o lv e d  in  th e s e  
sy n th e tic  p r o c e s s e s .  T h e  g e n e ra l  p r o c e s s  o f in fo rm a tio n  t r a n s f e r  
f ro m  gene  to  p ro te in  h a s  b e e n  r e s o lv e d  in to  tw o s ta g e s ,  n a m e ly  
t r a n s c r ip t io n  an d  tra n s la tio n *
T r  an s  c r ip t io n  P  ro  c e s s 
' T h e r e  i s  s u b s ta n tia l  e v id en ce  th a t  th e  g e n e tic  code i s  
c o n ta in e d  in  th e  se q u e n c e  of n u c le o tid e s  of th e  DNA m o le c u le  
(C r ic k , 1963), I t  a p p e a r s  th a t  th e  e x p re s s io n  of g e n e tic  fu n c tio n
- 6 0 . -
I© f i r s t  a c h ie v e d  by th e  s y n th e s is  of EHÀ m p le ç ü ie S  j thé  
n u c le o tid e  s e q u e n c e s  of w h ich  a r e  p r e s c r ib e d  by DMA# S om e 
o f th is  RN A , m K N A , is  tlio u ^h t to  d i r e c t  th e  s y n th e s is  of 
p r o te in s .  T h e re  i s  a  g r e a t  d e a l of e v id en ce  to  show  th a t  
e a c h  am in o  a c id  c o r r e s p o n d s  to  c e r ta in  t r i p l e t  s e q u e n c e s  of 
n u c le o tid e s  (codons) on th e  m R N A , and  th a t  s e q u e n c e s  of am in o  
a c id s  in  th e  p ro te in  m o le  exiles a r e  d e te rm in e d  by se q u e n c e s  of 
codons in  th e  m E N A  (C r ic k , 1963; L ipm ahh# 1963); H o w ev er 
i t  h a s  b e e n  r e p o r te d  by s e v e r a l  w o rk e rs  th a t  th e  codé is  
d e g e n e ra te  (C r ic k , B a rn e tt*  B re n n e r  and  W atts-T o b in *  1961; 
W e isb lu m , B e n z e r  an d  H o lle y , 1962), T h e  g e n e tic  in fo rm a tio n  
co d ed  in  th e  naRNA is  t r a h s f e r r e d  to  th e  c y to p la s m ic  s i te s  of 
p ro te in  s y n th e s is ,  . \
T r a n s la t io n  P r o c e s s
R ib o n u c le o p rp te in  p a r t i c le s  ( r ib o s o m e s )  b ec o m e  
a t ta c h e d  to  th e  m R N A  fo rm in g  p o ly so m es  w h ich  a r e  b e lie v e d  
to  be  th e  s t r u c t u r e s  n o rm a lly  en g ag ed  in  p r o te in  s y n th e s is  
(W ettste in*  S ta e h e lin  an d  Noll* 1963). T h e  n a tu re  of th e  
p r o c e s s e s  in v o lv e d  in  p o ly so m e  fo rm a tio n  a r e  n o t y e t  c l e a r ,  
b u t i t  a p p e a r s  th a t  s m a l le r  r ib o s o m a l s u b -u n i tà  b ec o m e  a t ta c h e d
to  th e  m R N A  s t r a n d ,  an d  th is  i s  fo llo w ed  by a d d itio n  of th e  l a r g e r  
r ib o s o m a l s u b -u n i ts ,  th e re b y  in it ia t in g  p o ly so m e  fo rm a tio n  
(Jo k lik  an.d B e c k e r ,  1965a, 196Sb; H en sh aw , R e v e l an d  H ia t t ,  
1965# G i r a r d ,  B a th a m , P e n m a n  and D a rn e l l ,  1965). T he s i te  
o f p o ly so m e  fo rm a tio n  h a s  no t b e e n  lo c a te d , b u t th e r e  i s  so m e  
e v id e n c e  f o r  n u c le o la r  in v o lv e m e n t in  th is  p r o c e s s  (D e s ja rd in s ,  
S m e ta h U I-S tee le  and  B u sc h , 1963; B i rn s te i l  an d  H y d e , 1963; 
H u r lb e r t  , L i an  and  O re n g o , 1964). A m ino  a c id s  bound to  t h e i r  
S p ec ific  t r a n s f e r  RNA (tRNA) m o le c u le s  a r e  th e n  a s s e m b le d  in  
th e i r  c o r r e c t  o r d e r  on th e  p o ly so m e  by m e a n s  of an  an tico d o n  
to  m R N A  in  th e  n u c le o tid e  se q u e n c e  of th e  tR N A  m o le c u le s .  
P o ly p e p tid e  fo rm a tio n  th e n  ta k e s  p la c e  s ta r t in g  f ro m  th e  N - 
te r m in a l  e n d  (B ish o p , L ea h y  and  S ch w ee t, I9 6 0 ).
T h e o r ie s  of Ja c o b  an d  M onod
A t th e  m o m e n t th e  m o s t  im p o r ta n t lin e  of r e s e a r c h  in to  
th e  c o n tro l  of p ro te in  s y n th e s is  h a s  co m e f ro m  th e  s tu d ie s  of 
J a c o b , M onod an d  th e i r  c o -w o rk e rs  on th e  c o n tro l  of en zy m e 
in d u c tio n  an d  r e p r e s s io n  in  b a c te r ia l  s y s te m s  (Ja c o b  and  M onod, 
1961; M onod, C hangem s an d  Ja c o b , 1963). A n o u tlin e  of th e i r  
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i s  show n in  F ig ,  4 , . ‘
T h e  t r a n s c r ip t io n  p r o c e s s  is  c o n tro île d  a t th e  le v e l 
of m e s s e n g e r  s y n th e s is  by s p e c if ic  a g e n ts , th e  r e p r e s s o r s ,  
ab le  to  r e c o g n is e  an d  b in d  s e le c t iv e ly  c e r ta in  g e n e tic  lo c i ,  
c a l le d  o p e r a to r s ,  w h ich  a p p a re n tly  fu n c tio n  a s  e x c lu s iv e  
in i t ia t io n  p o in ts  f o r  th e  f i r s t  t r a n s c r ip t io n .  T h e  DNA se g m e n t 
w h o se  t r a n s c r ip t io n  is  th u s  *co*ordinated* by  a  g iv en  o p e ra to r  
m a y  in v o lv e  one o r  s e v e r a l  g en e s  o r  c i s t r o n s j  i t  c o n s t i tu te s  an  
* o p e ro n \ T h e  s y n th e s is  of th e  c o r re s p o n d in g  p ro te in ( s )  is  
th e r e f o r e  g o v e rn e d  by th e  h o m o lo g o u s r e p r e s s o r  w h ich  in  tu r n  
i s  s y n th e s is e d  u n d e r  th e  c o n tro l  of a  s p e c ia l is e d  're g u la to r*  
g en e . In  m ost#  if  n o t a l l  c a s e s ,  th e  a c tiv ity  of th e  r e p r e s s o r  
i s  c o n tro l le d  by s p e c if ic  m o le c u la r  com pounds a c tin g  e i th e r  a s  
p o s it iv e  e f f e c to rs  (a c tiv a tin g  th e  r e p r e s s o r ,  an d  th e re b y  b lo ck in g  
m e s s e n g e r  and p ro te in  s y n th e s is ) ,  o r  a s  'in d u c e rs*  (in liib itin g  
th e  r e p r e s s o r ,  an d  th e re b y  in d u c in g  th e  s y n th e s is  of m e s s e n g e r  
and  of p ro te in s )  *
J a c o b  an d  M onod (1961) o r ig in a lly  s u g g e s te d  th a t  th e  
r e p r e s s o r  w as  a  p o ly r ib o n u c le o tid e , bu t th is  a s s u m p tio n  can n o t 
by i t s e l f  a c c o u n t f o r  re p re s so r* " in d u c e r  in te r a c t io n  (Ja c o b ,
S u ssm a n  an d  M onod, 1962), S e v e ra l  in d i r e c t  l in e s  of 
ev id e n c e  s u g g e s t th a t  th e  a c tiv e  p ro d u c t of a  r e g u la to r  gene  
i s  a  p ro te in  p r e s e n t  in  ex c ee d in g ly  s m a ll  a m o u n ts  in  c e l ls  
(M onod e t  a l ,  1965; G a r  en  an d  G a re n , 1963), H o w e v e r , no 
p ro te in  w ith  th is  s p e c if ic  p ro p e r ty  h a s  b e e n  i s o la te d  a s  y e t .
M onod e t a l4 l9 6 3 )  a ls o  su g g e s t th a t  h o rm o n e s  co u ld  
a c t  a s  a l lo s te r i c  e f f e c to r s ,  e a c h  of th e m  a b le  s p e c if ic a l ly  to  
t r i g g e r  a l lo s te r i c  t r a n s i t io n s  in  a  v a r ie ty  of p r o te in s ,  m o s tly  
e n z y m e s  b u t a ls o  g e n e tic  r e p r e s s o r s ,  by p ro d u c in g  r e v e r s ib le  
c o n fo rm a tio n a l a l te r a t io n s  in  th e  p ro te in s  on  b in d in g . So f a r  
th e r e  is  no d i r e c t  e v id e n c e  th a t  h o rm o n e s  a c t  in  th is  w ay  in  
th e  liv in g  c e l l ;  h o w e v e r  i t  h a s  b ee n  show n th a t  th y ro x in e  ca n  
c a u s e  c o n fo rm a tio n a l a l te r a t io n s  of th is  ty p e  in  th e  is o la te d  
en zy m e  g lu ta m ic  d e h y d ro g e n a se  (W olff, 1964^).
T he p ro p o s a ls  of J a c o b  an d  M onod, h o w e v e r , le a v e  
c e r t a in  q u e s tio n s  u n an sw ered *  F o r  e x a m p le , d o es  th e  
r e p r e s s o r  o p e ra te  a t  th e  g e n e , o r  a t th e  m R N A  le v e l  o r  a t 
b o th , an d  if  r e p r e s s o r s  a r e  p ro te in s  a r e  th e y  s u b je c t  to  th e  
s a m e  ty p e  of c o n tro l  m e c h a n is m ?  Y a n a g isa w a  (1963) h a s  
s u g g e s te d  th a t  th e  r e p r e s s o r  m a y  a c t  a t b o th  gene  and
m e s s e n g e r  le v e ls*  F r o m  e x p e r im e n ts  of G eiduschek»  N ak am o to  
an d  W e iss  (1961) an d  W ood and  B e rg  (1962) i t  h a s  b ee n  p ro p o s e d  
th a t  n a t iv e  DNA s e r v e s  a s  a  te m p la te  fo r  RN A  s y n th e s is  v ia  th e  
fo llow ing  steps;-* (a) lo c a l  unw inding of DNA, (b) s y n th e s is  of 
RNA on one s t r a n d  of DNA a s  te m p la te ,  and  (c) r e le a s e  of RNA 
f ro m  the ,D N A  by rew in d in g  of the. DNA double  helix*  T h e s e  
s te p s  s u g g e s t th r e e  s i te s  of a c tio n  f o r  th e  h y p o th e tic a l r e p r e s s o r  
m o le c u le ; e i th e r  th e  DNA s t r a n d  th a t  S e rv e s  a s  te m p la te  fo r  
RNA s y n th e s is ,  th e  DNA s t r a n d  th a t s e r v e s  a s  r e l e a s e  f a c to r ,  
o r  th e  RNA pi^bduct i t s e l f .  F r e h s t e r  (1965) h a s  p ro p o s e d  th a t  
one s t r a n d  of th e  u n c o ile d  DNA s e rv e s  a s  te m p la te  f o r  RNA 
.s y h th e s is ,  w h ile  th e  o th e r  a c ts  a s  a  bindhng s i te  f o r  s p e c if ic  
d e r e p r e s s o r  m o le c u le s .
I t  i s  d if f ic u lt a t  p r e s e n t ,  h o w e v e r , to  d e c id e  how  f a r  
th e o r ie s  of c o n tro l m e c h a n is m s  in  b a c te r ia l  s y s te m s  ca n  be 
ex ten d e d  to  m a m m a lia n  s y s te m s .  T h e  e x te n s iv e  and  ra p id  
tu rn o v e r  of m a m m a lia n  p ro te in s  a s  o p p o sed  to  b a c te r ia l  p ro te in s  
in tro d u c e s  f u r th e r  c o m p lic a tio n s , an d  any th e o ry  of c o n tro l  of 
m a m m a lia n  p ro te in  m e ta b o l is m  m u s t  in c lu d e  n o t on ly  
r e g u la to ry  m e c h a n is m a  fo r  p ro te in  s y n th e s is  b u t a ls o  fo r
p ro te in  d e g ra d a tio n , s in c e  th e  le v e l of a  t i s s u e  p ro te in  o r  
en zy m e a t  any one t im e  r e le c t s  an  e q u i l ib r iu m  b e tw een  
th e s e  tw o p r o c e s s e s .  F u r th e r ,  th e  c h e m ic a l c o m p o s itio n  
and  s t r u c tu r e  of th e  g e n e tic  a p p a ra tu s  in  m a m m a lia n  c e lls  
i s  d if fe re n t f ro m  th a t  in  b a c te r ia ,  e s p e c ia l ly  in  th e  am o u n t 
of D N A -a s s o c ia te d  h i s to n e  in  th e  f o r m e r .
R o le  of th e  H is to n e s  ,
I t  h a s  b ee n  s u g g e s te d  th a t h is to n e s  and i p o s s ib ly  
o th e r  n u c le a r  p ro te in s  r e p r e s s  gene a c tiv ity  (S ted m an  and  
S te d m a n , 1950). T he p o s s ib i l i ty  th a t  th ey  s e rv e  a s  
r e g u la to r s  of c h ro m o s o m a l a c tiv ity  by in te ra c t in g  w ith  
sp e c if ic  s e g m e n ts  of DNA, th e re b y  p re v e n tin g  th e  t r a n s c r ip t io n  
of g e n e tic  m e s s e n g e r  f ro m  th a t  lo c u s , h a s  a t t r a c te d  
c o n s id e ra b le  i n t e r e s t .  W ork  in  s e v e r a l  l a b o r a to r i e s  h a s  
d e m o n s tra te d  th a t  h is to n e s  a r e  in d e e d  p o te n t in h ib i to r s  of 
th e  D N A -d ep en d en t s y n th e s is  of RNA in  v i t r o  (H uang and  
B o n n e r , 1962; H in d ie y , 1963; A llf re y  and  M i r s i ^ ,  1963).
In  a d d itio n , i t  h a s  b ee n  show n th a t  re m o v a l of h is to n e s  f ro m  
c h ro m a tin  in c r e a s e d  i t s  R N A -sy n th e s is in g  c a p a c ity  (Huang 
a n d  B o n n e r , 1962) and th a t  p re - in c u b a tio n  of c a lf-th y m u s
n u c le i w ith  t r y p s in  to  re m o v e  m o s t  of th e  h i s to n e s  c a u se d  
th e  s y n th e s is  of RNA to  be  s u b s ta n tia l ly  a u g m e n te d  (A H frey ,
L it ta u  an d  M ir s k y , 1963). T h e s e  ré i^ o rts  e s ta b l i s h  h is to n e s  
a s  g e n e ra l  in h ib i to r s  of th e  DNA»d ep en d en t RNA p o ly m e ra s e  
s y s te m  b u t do no t in  th e m s e lv e s  e s ta b l is h  th a t  h i s to n e s  fu n c tio n  
in  a  s e le c t iv e  w ay in  re g u la tin g  th e  t r a n s c r ip t io n  p r o c e s s  
in  v iv o . In  addition* th is  e ffe c t of h i s to n e s  is  no t s p e c if ic  
s in c e  ad d e d  h i s to n e s  in h ib i t  m an y  o th e r  s y n th e tic  r e a c t io n s  in  
n u c le i, a s  w e ll a s  so m e  o c c u r r ih g  in  m ito c h o n d r ia  an d  is o la te d  
en zy m e  s y s te m s .
T h e re  i s  a s  y e t  no e v id en c e  of h o rm o n e  a c tio n  on 
h is to n e  s y n th e s is  an d  a c tiv ity  a lthough  b ind ing  of h o rm o n e s  to  
h is to n e s  in  v ivo  h a s  b ee n  r e p o r te d ,  S e k e r is  and  L an g  (1965) 
h a v e  show n th a t ,  d u rin g  th e  f i r s t  few  h o u rs  a f te r  a d m in is t r a t io n  
of ( H) c o r t is o n e ,  a  c o n s id e ra b le  p a r t  of th e  r a d io a c t iv i ty  is  
bound  to  th e  h is to n e s  of r a t - l iv e r  n u c le i . A lso  i t  h a s  b een  
r e p o r te d  by W ilso n  and  L o eb  (1965) in  a s tu d y  of th e  lo c a liz a t io n
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of ( H) te s to s te r o n e  in  a  t a r g e t  o rg a n , th a t  th e r e  w as c o n s id e ra b le  
b ind ing  pf th e  te s to s te r o n e  to  th e  h is to n e  of th e  eu  c h ro m a tin  
f r a c t io n  of th e  g e n e tic  a p p a r a tu s , D ahm us and  B o n n e r (1965)
h a v e  show n th a t  c h ro m a tin  ib p I a te d  f ro m  l iv e r s  of c o r t i s o l -  
t r e a t e d  a d re n a le c to m iz e d  r a t s  p o s s e s s e d  a  g r e a t e r  te m p la te  
a c tiv i ty  f o r  D N A rd ép èn d cn t RNA s y n th e s is  th a n  d id  c h ro m a tin  
is o la te d  f ro m  c o n tro l  r a t s ,  and  th a t  th is  d if fe re n c e  in  te m p la te  
a c tiv i ty  w as  a b o lish e d  by re m o v a l of p ro te in s  a s s o c ia te d  w ith  
th e  DNA.
S p e c ific  In h ib i to r s  of P r o te in  S y n th e s is
R e c e n tly  so m e  a n t ib io t ic s ,  w h ich  a r e  know n to  in h ib it 
c e r ta in  s ta g e s  in  p ro te in  s y n th e s is ,  have  b e e n  u s e d  to  t r y  and  
lo c a te  th e  s i te  of a c tiô n  of h o rm o n e s  on  th is  p r o c e s s .  
A c tin o m y c in  D and  p u ro m y c in  h av e  b ee n  u s e d  m o s t  e x te n s iv e ly  
in  th e  s tu d ie s  of th is  n a tu r e .
A c tin o m y c in  Di T h is  in h ib i ts  th e  t r a n s c r ip t io n  p r o c e s s  by 
co m b in in g  w ith  th e  deoxy guano s in e  r e s id u e s  of DNA p re v e n tin g  
D N A ^dependen t s y n th e s is  of RNA (R e ich , 1963).
P u ro m y c in ; T h is  in h ib i ts  p ro te in  s y n th e s is  a t  th e  s ta g e  of 
p o ly p e p tid e  c h a in  g ro w th  by s u b s t i tu t in g ,fo r  th e  in co m in g  a c y l-  
sR N A  co m p le x j i t  i s  su b se q u e n tly  r e le a s e d  w ith  th e  in c o m p le te  
p ëp tid è  c h a in  (Y a rm o lin sk y  an d  De l a  H âb a , 19S9; A lle n  and  
Z a m e c n ik , 1962).
T he u s e  of th e s e  a n tib io tic s  h a s  in d ic a te d  c e r t a in  
d if fe re n c e s  in  th e  m e c h a n is m  of h o rm o n e  in d u c tio n  of p ro te in  
s y n th e s is  a t th e  t r a n s c r ip t io n a l  and  t r a n s la t io n a l  le v e ls ,  
a lth o u g h  th e  r e s u l t s  m u s t  be  in te r p r e te d  w ith  c a u tio n  s in c e  
th e s e  co m p o u n d s a r e  r a th e r  to x ic  an d  m a y  h av e  o th e r  e ffe c ts  
b o th  in  v ivo  an d  in  v i t r o  (A c s , R e ich  and  V a la n ju , 1963; G ir a r d ,  
P e n m a n  an d  D a rn e ll ,  1964; H on ig  an d  R a b in o w itz , 1965; G re lf ,  
Song and  G hipk in , 1965)* A lso* in  s tu d ie s  u s in g  is o to p ic  t r a c e r s  
a s  a  m e a s u r e  of s y n th e s is  and  tu rn o v e r  of n u c le ic  a c id s  and 
p ro te in ,  c o n s id e ra t io n  m u s t  be  ta k e n  of th e  t im e  r e la t io n s h ip s  of 
a d m in is t r a t io n  of a n t ib io t ic , h o rm o n e  ahd  is o to p e  b e fo re  any 
c o n c lu s io n s  m ay  be d raw n  c o n c e rn in g  h o rm o n e  a c tio n ,
S ite  of A c tio n  of H o rm o n e s  on 
P r o te in  B iO sy n th e tic  M e c h a n ism s
M any h o rm o n e s  s t im u la te  th e  b io s y n th e s is  o f en z y m es  and  
of p ro te in s  in  g e n e ra l  ( s e e  K a r l  so n , 1965 fw a ^ v ie w ) *  I t  h a s  
b ee n  show n th a t  p u ro m y c in  in h ib its  g lu c o c o r tic o id  in d u c tio n  in  
th e  l iv e r s  of a d re n a l© c tp m iz e d  r a t s  of s e v e r a l  e n z y m e s , e .g .  
try p to p h a n  p y r r o la s e  (G o ld s te in , S te l la  and  K nox , 196iS), and  
ty ro  s i n e - ^ - k e t o g l u t a r  a te  t r a n s a m in a s e  (G a r r e n ,  H o w ell,
T o m k in s  an d  C ro c c o , 1964). I t  w as  su b se q u e n tly  found  th a t  
g lu c a c a rtic o id * ix id u c e d  in c r e a s e s  in  th e s e  e n z y m e s  w e re  p re c e d e d  by 
an  in i t ia l  a c tiv a tio n  of RNA s y n th e s is  an d  th a t  a c tin o m y c in  D 
p re v e n te d  th is  h o rm o n a l a c tio n  (O a r re n  e t  aL, 1964; B a rn a b e i ,  
R om ano  an d  D i B ito n to , 196S). B a rn a b e l e t  à î.(1 9 6 5 ) a ls o  
d e m o n s tr a te d  an  in c r e a s e  in  D K A ^dependont EN A  p o ly m e ra s e  
a c tiv i ty  a t  s h o r t  t im e  in te r v a ls  a f te r  g lu c o c o r t ic o id  a d m in is t r a t io n .
F r o m  o th e r  s tu d ie s  on en zy m e in d u c tio n  by c e r ta in  
h o rm o n e s  u s in g  a c tin o m y c in  D a n d  p u ro m y c in , e .  g . o es tro g en i. 
(H a m ilto n , 1963), t e s to s te r o n e  (W illiam s**A shm an, L ia o , H an co ck , 
Ju rk o w itz  an d  S ilv e rm a n , 1964), an d  a ld o s te ro n e  ( P o r t e r ,  B o g o ro ch  
an d  B d e lm a n , 1964), i t  a p p e a r s  p o s s ib le  th a t  th e  p r im a r y  e f fe c t 
o f th e s e  h o rm o n e s  on th e i r  t a r g e t  o rg a n s  co u ld  be due to  s y n th e s is  
o f a d d itio n a l EN A  (m E N A )# In d e e d , in  m an y  c a s e s ,  an  a c c e le r a t io n  
o f s y n th e s is  of ra p id ly  ^ la b e lle d  n u c le a r  .ENA o r  a  s t im u la t io n  of 
D N A ^dependen t EN A  p o ly m e ra s e  a c tiv i ty  in  n u c le a r  p r e p a ra t io n s  
h a s  b e e n  d e m o n s tr a te d  (T a lw a r , G u p ta  an d  G ro s ,  1964; P e g g  and  
E o r n e r ,  196S» B e k e r ie , 1965; W illiam s**A shm an# 1965; G o rs k i ,  
N o teb o o m  an d  N ic o le t te ,  1965; T a ta  an d  W id n e ll, 1966), T h is  i s  
a ls o  s u p p o r te d  by w o rk  of K id s  on an d  E irb y  (1964) show ing
s e le c t iv e  in c r e a s e s  in  ra p id ly  la b e lle d  f r a c t io n s  of l i v e r - c e l l  
RNA by a  v a r ie ty  of h o rm o n e s ,  in c lu d in g  in s u l in  an d  th y ro x in e . 
T h e re fo re  m u ch  .ev id en ce  i s  now  a v a ila b le  show ing  th a t  m an y  
growth*>*promoting and  d ev e lo p m e n ta l h o rm o n e s  re g u la te  th e  RNA 
an d  p ro te in  s y n th e s is  o f t h e i r  t a r g e t  c e l ls  *
In  o r d e r  to  d e te i 'm in e  W hether so m e  co m m o n  m e c h a n is m s  
o r  ev en  s i t e s  a r e  in v o lv e d  in  th e  re g u la tio n  of ENA s y n th e s is  by 
d if fe re n t  h o rm o n e s ,  W id n ell and  T a ta  (1966) h av e  e x a m in e d  RNA 
s y n th e s is  in  r a t  l iv e r  w h ich  d ep en d s on m o re  th a n  one h o rm o n e  
fo r  i t s  n o rm a l  fu n c tio n . T h ey  s tu d ie d  i t s  r e s p o n s e  to  g ro w th  
h o rm o n e , tr i io d o th y ro n in e  an d  te s to s te r o n e .  I t  w as  found  th a t  
th e s e  h o rm o n e s  do n o t co m p e te  w ith  e a c h  o th e r  in  re g u la tin g  
RNA s y n th e s is ;  a l l  th e  e v id e n c e  su p p o r ts  th e  id e a  th a t  th e i r  
a c tio n s  on  RNA m e ta b o l is m  a r e  m e d ia te d  v ia  d if fe re n t  ro u tes*  
T h e re  h av e  a ls o  b een  c la im s  th a t  RNA, e x t r a c te d  f ro m  t i s s u e s  
of h o r m o n e - t r e a te d  a n im a ls ,  can  m im ic  th e  e f fe c ts  p ro d u c e d  by 
th e  h o rm o n e  w hen  a p p lie d  to  t i s s u e s  of c o n tro l  a n im a ls  o r  c a n  
s t im u la te  en z y m e s y n th e s is  w hen  ad d ed  to  c e l l - f r e e  p ro te in -  
s y n th e s is in g  s y s te m s  (S eg a l, D av id so n  and  W ad a, 1965; S e k e r is  
and  L a n g , 1964)*
A Îi th is  m a k e 8 a  fo rm id ab W  c a s e of th e  g e n e ra l  
h y p o th e s is  th a t  h o rm o n e s  re g u la te  p ro te in  s y n th e s is  and  c o n tro l 
m e ta b o lic  p a th w ay s by d i r e c t  d e rex p ressio n  q f s e le c te d  re g io n s  of 
th e  g en o m e so  th a t  new  s p e c if ic  m e s s e n g e r-R N A  m o le c u le s  a r e  
p ro d u c e d  w h ich  in  tu r n  p ro d u c e  m o re  m o le c u le s  of p a r t ic u la r  c e l l  
p r o te in s ,  so m e  of th e m  e n z y m e s . T h is  i s  th e  h y p o th e s is  
p ro p o s e d  by K a r l  son  (1963) > n am e ly  th a t m an y  h o rm o n e s  a l te r  
th e  r a te  of t r a n s c r ip t io n  of s p e c if ic  g en es  d u r in g  h o rm o n a l 
in d u c tio n  of e n z y m e s , T h is  c o n c lu s io n  w as r e a c h e d  f ro m  s tu d ie s  
w h ich  K a r ls  bn  an d  h is  c o -w o rk e r s  h ad  c a r r i e d  ou t on th e  
in d u c tio n  of th e  en zy m e  dopa, de c a rb o x y la s e  in  th e  la r v a l  fo rm s  
of C h iro n im u s  and  C -alliphora  by th e  in s e c t  m e ta m o rp h o s is  
h o rm o n e , e c d y so n e . T h is  h o rm o n e  p ro d u c e d  re g io n s  of a c tiv e  
RNÂ s y n th e s is  a t  c e r ta in  lo c i  On th e  g ia n t c h ro m o s o m e s  of th e  
C h iro n im u s  s a l iv a r y  g la n d , an d  w a s  a lso  found  to  r e a c t  w ith  
th e  e p id e r m a l- c e l l  n u c le i  of C allix^hora la r v a e  (K a r ls o n , S e k e r is  
and  M a u re r ,  1964). F u r t h e r ,  th e  RNA p ro d u c e d  in  th e  e p id e rm is  
of C a ll ip h o ra  la r v a e  u n d e r  th e  in f lu en c e  of ec d y so n e  w as found  to  
s t im u la te  th e  s y n th e s is  of d opa d e c a rb o x y la s e  in  a  c e l l - f r e e  
p ro te in - s y n th e s is in g  s y s te m  p r e p a r e d  f ro m  r a t  l i v e r  (S e k e r is
and Lang, 1964).
H o w e v e r , s e v e r a l  p ie c e s  of e v id en ce  do n o t f i t  in to  th is  
h y p o th e s is  of h o rm o n a l a c tio n  on th e  t r a n s c r ip t io n  p ro c e s s*  
In s u lin ,  f o r  e x a m p le , c o n tin u e s  to  s t im u la te  g lu c o s e  an d  am in o  
a c id  u p ta k e  by i s o la te d  r à t  d ia p h ra g m s  in  th e  p r e s e n c e  of 
a m o u n ts  of a c tin o m y c in  D s u f f ic ie n t to  s to p  RNA s y n th e s is  
(F b o u e -B o n is , C h a m b a u t, V o lfin  an d  C lau s  o r ,  1963; W ool and  
M o y e r , 1964). R ay , F o r s t e r  and  L a rd y  (1964) found  c o r t i s o l  
s t im u la t io n  of g lu c o n e o g e n e s is  w h e th e r  r a t s  h a d  b e e n  t r e a te d  w ith  
a c tin o m y c in  D o r  n o t, an d  L ip p e  an d  S zeg o  (1965) a rg u e  th a t  
m u ch  of th e  a c tin o m y c in  D a c tio n  in  in h ib itin g  th e  a c tio n s  of 
o e s tro g e n s  in  th e  u te r u s  c a n  be  e x p la in e d  by e le v a te d  b lo o d  le v e ls  
o f c o r t ic o s te r o id s  c a u s e d  by th e s e  h o rm o n e s . A lso  th e  e f fe c t 
of TSH on  th y ro id  g lu c o se  o x id a tio n , w h ich  h a s  b e e n  m e n tio n e d  
e a r l i e r ,  s t i l l  jp c cu ra  in  th e  p r e s e n c e  of d o se s  of a c tin o m y c in  D 
and  p u ro m y c in  w h ich  a r e  e f fe c t iv e  in  in h ib itin g  EN A  an d  p ro te in  
s y n th e s is  (F ie ld ,  Jo h n so n , K endig  and P a s t  a n , 1963; F ie ld ,  
E p s te in  an d  J a r r e t t ,  1965), K o rn e r  (1965a) n o te d  th a t  th e  n u m b e r  
of rib o so m .e s  a n d  th e i r  a b i l i ty  to  a t ta c h  p o ly u r id y lic  a c id  w as 
a l t e r e d  by ch a n g es  in  g ro w th  h o rm o n e  le v e l;  f a c to r s  o th e r  th a n
m RK A  a r e  th u s  in v o lv e d  in  th e  g ro w th  h o rm o n e  action^;.
T h e r e  i s  a ls o  g ro w in g  g e n e tic  ev id en ce ,, f ro m  s tu d ie s  in  
b a c te r ia l  s y s te m s ,  of th e  e x is te n c e  of c o n tro l  of p ro te in  s y n th e s is  
a t  th e  t r a n s la t io n a l  le v e l  s ta g e  of m e s s a g e  to  p ro te in  a s  w e ll a s  
th e  t r a n s c r ip t io n  s ta g e  of gene  to  m e s s a g e  (B eck w ith , 1964;
È re n n e r ,  SW ttOn and  K ap la n , 1965). G a r r e n  an d  c p -w o rk e re  
(G a r re n , H ow ell,, T o m k in s  an d  G ro c c o , 1964, G a r r e n ,  N ey and  
. D a v is , 1965) h av e  p r e s e n te d  so m e  ev id en ce  th a t  h o rm o n e - in d u c e d  
en zy m e  s y n th e s is  m ay  in  so m e  c a s e s  be c o n t ro l le d  a t th e  t r a n s la t io n a l  
le v e l .  T h is  co n c lu s io n  w as d raw n  f ro m  t im e - c o u r s e  s tu d ie s  of 
th e  e f fe c ts  of a c tin o m y c in  D an d  p u ro m y c in  on (a) c o r t is o l  
in d u c tio n  of c e r t a in  e n z y m e s  in  th e  l iv e r s  of a d re n a le c to m is e d  
r a t s  (G a r r e n  e t a l ,  1964), and  (b) a d re n o c o r t ic o tro p in  e f fe c ts  on  
c o r t ic o s te ro n e  p ro d u c tio n  in  th e  r a t  a d re n a l  g lan d  (G a r re n  e t a t ,
1965)* T h e re  i s  f u r th e r  ev id en ce  th a t  g lu c o c o r tic o id  in d u c tio n  
of l iv e r  e n z y m e s  m a y  be c o n tro l le d  a t th e  t r a n s la t io n a l  le v e l  
a s  w e ll a s  a t th e  t r a n s c r ip t io n a l  le v e l .  K enney  and  A lb r it to n  
(1965) s tu d ie d  th e  e ffe c ts  of a c tin o m y c in  D on th e  in d u c tio n  of 
l iv e r  ty r o s in e  t r a n s a m in a s e  of a d re n a le c to m iz e d  r a t s  and  on th e  
r e p r e s s io n  of s y n th e s is  of th is  en zy m e by ty r o s in e .  T hey  found
th a t  a c tin o m y c in  D d o es  n o t by i t s e l f  in f lu e n c e  th e  en zy m e 
le v e l  bu t b lo c k s  th e  ty ro  s in e - in i t ia te d  r e p r e s s io n  of en zy m e 
s y n th e s is ,  in d ic a tin g  th a t  r e p r e s s io n  a c ts  a t  th e  t r a n s la t io n a l  
le v e l  w h e re a s  th e  in i t ia t io n  of r e p r e s s io n  in v o lv e s  
t r a n s c r ip t io n a l  p r o c e s s e s .  In  a g re e m e n t w ith  th e  above 
ev id en ce  f d r  c o n tro l  of h o rm o n e  a c tio n  a t th e  c y to p la s m ic  le v e l ,  
H a m ilto n  (1964) found  th a t ,  d u rin g  th e  r e s p o n s e  of th e  u te r in e  
c e l ls  to  o e s tro g e n , ch a n g es  in  p ro te in  s y n th e s is  o c c u r r e d  
w h ich  w e re  n o t a c tin o m y c in  D -s e n s i t iv e  and  w h ich  p re c e d e d  
any d e m o n s tra b le  e f fe c ts  on RNA s y n th e s is ,
T h e r e f o re  a  d e m o n s tra t io n  th a t m R N A  s y n th e s is  is  
en h a n ce d  by h o rm o n e  t r e a tm e n t  d o es no t p ro v e  th a t  th is  is  th e  
p o in t of a c tio n  of the  h o rm o n e , fo r  m e s s e n g e r  s y n th e s is  m ay  
be a  s e c o n d a ry  a^esult of e n h a n c e m e n t of p ro te in  s y n th e s is  by 
o th e r  m e a n s , su c h  a s  an  a l te r a t io n  of th e  e n z y m e rfo rm in g  
s y s te m s  o r  a  ch an g e  in  a c t iv i t ie s  of th e  en zy m e  p ro te in s  
th e m s e lv e s .
H o w e v e r , th e r e  i s  f u r th e r  ev id en ce  th a t  th e  s i te  of 
a c tio n  of so m e  h o rm o n e s  i s  n u c le a r  if  n o t d i r e c t ly  a t th e  g e n e tic  
le v e l .  C e r ta in  h o rm o n e s ,  a f te r  in  v ivo  a d m in is t r a t io n ,  h av e
b e e n  lo c a liz è d v p re d o m in a u tly  in  th e  n u c le i of th e i r  t a r g e t  
3o r g a n s ,  ( H) a ld o s te ro n e  is  lo c a te d  in  th e  n u c le i of to a d -
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b la d d e r  e e l l é w hen  a ffe c tin g  so d iu m  t r a n s p o r t ,  w h e re a s  ( H)
p r o g e s te ro n e  u n d e r  th e  s a m e  co n d itio n s  is  n o t ( P o r t e r ,
B o g o ro ch  an d  E d e lm a n , 1964), I t  h a s  b een  show n , a s
d e s c r ib e d  e a r l ie r ^  th a t ,  a f te r  a d m in is t r a t io n  of ra d io a c tiv e
te s to s te r o n e  .and  c o r t is o n e ,  à  c o n s id e ra b le  p a r t  of. th e
r a d io a c t iv i ty  w as  lo c a te d  bound to  n u c le o -h is to n e  f r a c t io n s  of
th e i r  t a r g e t  o rg a n s  (W ilso n  and  L o eb , 1965; S e k e r is  and  L an g ,
1965). A ls o , u s in g  a  f lu o re s c e n t  an tibody  te c h n iq u e , G re e n s p a n
and  H a rg a d in e  (1965) h av e  lo c a te d  TSH in  th e  n u c le i  of g u in e a
p ig -an d  d o g -th y ro id  ep itH elia  a f te r  h o rm o n e  a d m in is t r a t io n .
H o w e v e r , f o r  d e te c t io n  p u rp o s e s ,  th e  am o u n ts  of h o rm o n e  u s e d
in  th e s e  e x p e r im e n ts  w e re  m u ch  g r e a t e r  th a n  th e  n o rm a l
p h y s io lo g ic a l le v e ls  w ith  th e  r e s u l t  th a t th e  ta r g e t - o r g a n  c e lls
m a y  no t h av e  b e e n  ab le  to  cope w ith  th e  la '^ge in f lu x  of h o rm o n e
an d  n o n - s p e c if ic  b ind ing  of th e  h o rm o n e  to  so m e  c e l lu la r
co m p o n en ts  m ay  h av e  ta k e n  p la c e , in t r a n u c le a r  lo c a l iz a t io n  of
h o rm o n e s  d o es  n o t h o w e v e r  s e e m  to  be g e n e ra l .  D in g m an  and
8 p o rn  (1965) h av e  d e m o n s tr a te d  f ro m  s tu d ie s  on c e l lu la r
lo c a l iz a t io n  of a c tin o m y c in  D and  c o r tiso l^  th a t  a c tin o m y c in  D 
w as  found  to  be bound  to  n u c le a r  e t r u c tu r e s  w h e re a s  c o r t is o l  
w as  n o t so  bound  u n d e r  th e  sa m e  e x p e r im e n ta l  co n d itio n s*  On 
th e  o th e r  h a n d , K enney  and  K u ll (1963) o b s e rv e d  th a t  s h o r t ly  
a f te r  c o r t i s o l  a d m in is t r a t io n  to  r a t s  th e r e  w as  a  r a p id  in c r e a s e  
in  la b e ll in g  of th e  RNA of th e  l iv e r  nuclei*  T h u s , a s  m e n tio n e d  
e a r l i e r ,  th e  a p p e a ra n c e  of r a p id ly - la b e l le d  n u c le a r  RNA in  a  
t a r g e t  o rg a n  a f te r  h o rm o n e  a d m in is t r a t io n  d o es  n o t n e c e s s a r i ly  
in d ic a te  th a t  th e  s i te  of h o rm o n a l  a c tio n  i s  a t  th e  g e n e tic  level*  
T h e r e  i s  no p o s it iv e  e v id e n c e  a s  y e t  fo r  h o rm o n e s  h av in g  
e f fe c ts  on i s o la te d  n u c le i of t h e i r  t a r g e t  o rg a n s  in  v i t r o  ap a r t  f ro m  
r e p o r t s  of d i r e c t  a c tio n s  of ec d y so n e  on th e  RNA m e ta b o l is m  of 
i s o la te d  e p id e r m a l - c e l l  n u c le i of C a ll ip h o ra  la r v a e  (S e k e r is ,  D ukes 
and  S ch m id , 1965) an d  of c o r t i s o l  on th e  RNA m e ta b o l is m  of r a t -  
l iv e  r  n u c le i  (D ukes and  S e k e r i s ,  1965)* T h u s , in  s p i te  of the  
r e c e n t  a d v a n c e s  in  th e  e lu c id a tio n  of th e  m e c h a n is m s  in v o lv e d  in  
p ro te in  s y n th e s is ,  th e r e  i s  no p ro o f  a s  y e t  of a  d i r e c t  h o rm o n a l 
a c tio n  a t th e  m o le c u la r  le v e l ,  a lth o u g h  i t  w ou ld  a p p e a r  f ro m  
e x p e r im e n ta l  ev id e n c e  th a t  d if fe re n t h o rm o n e s  m a y  h av e  d if fe re n t 
c e l lu la r  s i t e s  of a c tio n  th e re b y  in f lu en c in g  p r o te in  sy n th e tic
m o çh am B m s a t  d if fe re n t le v e ls*
N a tu re  of th e  P r e s e n t  In v e s tig a tio n s  
. T h e  n a tu re  of th e  px-esent w o rk  w as d e s ig n e d  to  
in v e s t ig a te  th e  e f fe c ts  of th e  h o rm o n e , th y ro tro p in ,  on th e  
s y n th e s is  of n u c le ic  a c id  and  p ro te in  in  th e  th y ro id  g la n d  in  
ox'dex" to  f in d  a. S p ec ific  m o d e  of a c tio n  of th e  h o r tn o n e  on 
th e s e  p ro c e s e e s *  [P re lim in a ry  in v e s tig a tio n s  w e re  c a r r i e d  
ou t to  d e v is e  .m ean s  of e s t im a tin g  th e  RNA and  DNA of th e  
thyx*oid gland* A  stu d y  w as th e n  m a d e  of th e  n u c le ic  a c id , 
p ro te in  an d  p h o sp h o lip id  co n te n t of th e  th y ro id  g la n d s  of 
d if fe re n t  m a m m a lia n  s p e c ie s ,  and  x*elationshipa to  th y ro id  
w e ig h t and  to ta l  body w e ig h t e s ta b lis h e d .
I s o to p ic  s tu d ie s  w e re  th e n  caxT ied  o u t u s in g  s h e e p - th y ro id  
g la n d  s l i c e s  to  s tu d y  th e  e f fe c ts  of TSH on RNA m e ta b o l is m . T he 
e f fe c ts  of a c tin o m y c in  D an d  pm ^om ycin w e re  a ls o  s tu d ie d  in  th is  
s y s te m . O n .p re p a r in g  n u c le a r  an d  c y to p la sm ic  f r a c t io n s  f ro m  th e  
s l i c e s  a f te r  in c u b a tio n  w ith  h o rm o n e  an d  a  r a d io a c t iv e  RNA 
p x 'B c u rso r, i t  w as found  th a t  TSH h ad  a  g r e a t e r  e f fe c t on th e  
n u c le a r  RNA f r a c t io n  an d  th a t  th is  o c c u r r e d  a t e a r l i e r  t im e  
in te rv a ls  th a n  in  th e  c a s e  of th e  c y to p la sm ic  RNA f ra c t io n .
T h e  a c tio n  of TSH on  th e  in c o rp o ra t io n  of is o to p ic  
p r e c u r s o r s  in to  th e  RNA an d  p ro te in  of is o la te d  s h e e p - th y ro id  
n u c le i w as  th e n  in v e s t ig a te d . T he e f fe c ts  of a c tin o m y c in  D and  
p u ro m y c in  on  th is  p r o c e s s  w e re  a g a in  e x a m in e d . F in a l ly  
s tu d ie s  w e re  c a r r i e d  ou t on D N A -d ep en d en t RNA p o ly m e ra s e  
f r a c t io n s  p r e p a r e d  f ro m  s h e e p - th y ro id  n u c le i  an d  on  th e  
ch an g es  th e y  u n d e rg o  a f te r  t r e a tm e n t  of th e  n u c le i  w ith  TSH . 
F r o m  th e s e  o b s e rv a tio n s  so m e  c o n c lu s io n s  ab o u t th e  m o d e  
of a c tio n  of TSH h av e  b e e n  d ed u ced .
SEGTXOH I
(a) In v e s tig a tio n s  in to  m e th o d s  of e s t im a tin g  th y ro id
n u c le ic  a e id e .
(b) S tu d ie s  on th e  p ro te in ,  n u c le ic  a c id , and  p h o sp h o lip id
c o n te n t of th e  th y ro id  g lan d s  of d if fe re n t m a m m a ls .
IN TR O D U CTIO N
A s a  p r e l im in a r y  to  ex am in in g  c o n tro l of p ro te in  
b io s y n th e s is  in  th e  th y ro id  g lan d , a  s tudy  w as  m a d e  of th e  
c o m p o s itio n  of th e  th y ro id  g lan d s  f ro m  a  ra n g e  of m a m m a ls .  
P a r t i c u l a r  e m p h a s is  w as  p la c e d  on th e  n u c le ic  a c id  and  
p ro te in  c o n te n t of th e  g lan d , s in c e  n u c le ic  a c id s  a r e  in tim a te ly  
in v o lv e d  in  th e  p ro te in  s y n th e s is  m e c h a n is m . A lthough  th e  
l i t e r a tu r e  a l r e a d y  co n ta in s  so m e  e s t im a te s  of th e  c o n c e n tra t io n s  
of n u c le ic  a c id s  in  th e  th y ro id s  of s e v e r a l  s p e c ie s ,  th e  
c o n s id e ra b le  e r r o r s  in h e re n t  in  m o s t  m e th o d s  of n u c le ic  a c id  
a n a ly s is  (H u tch iso n  and  M u n ro , 1961; M u n ro  an d  F le c k ,  1966), 
in v a lid a te  c o m p a r is o n s  b e tw e en  th e  p u b lish e d  d a ta  fo r  d if fe re n t 
s p e c ie s .
T h e  p ro b le m  of n u c le ic  a c id  a n a ly s is  in  t i s s u e s  h a s  b ee n  
%
re v ie v /e d jJ Iu tc h iso n  and  M u n ro  (1961), and  M u n ro  an d  F le c k  (1966) 
F r o m  th e s e  re v ie w s , i t  a p p e a r s  th a t  th e  m o s t  s u ita b le  m e th o d  of 
e s t im a tin g  th e  n u c le ic  a c id  co n te n t of a n im a l t i s s u e s  i s  th a t  of 
S c h m id t and  T h a n n h a u s e r  (1945). In  th is  p i*ocedure th e  t i s s u e  
RNA is  h y d ro ly s e d  by a lk a l i  to  f r a g m e n ts  no lo n g e r  p re c ip i ta b le  
upon  a c id if ic a t io n , w h e re a s  th e  DNA of th e  t i s s u e  r e s i s t s  a t ta c k
by a lk a li  an d  can  be r e p r e c ip i ta te d  upon  a c id if ic a t io n .
T h e r e a f te r  th e  EH A  of th e  acid*^soluble f r a c t io n  c a n  be  
e s t im a te d  in  one of th r e e  w a y s , e i th e r  by  p h o sp h o ru s  
e s .th n a tlo n , by i t s  r ib o s e  co n ten t o r  by m e a n s  of i t s  s tro n g  
u l t r a v io le t  a b s o rp tio n  a t 2é0m p* H o w ev er e a c h  of th e s e  
m e th o d s  of a s s a y  i s  l ia b le  to  erx^ors a r is in g  f ro m  c o n ta m in a tio n  
of th e  RNA f r a c t io n  w ith  o th e r  t i s s u e  c o n s ti tu e n ts  (H u tch iso n  
and  M u n ro , 1961) * T h e  P N A  co n ten t of th e  a c id - p re c ip i ta b le  
f r a c t io n  can  be  e s t im a te d  by m e a s u re m e n t  of d e o x y r ib o se  
c o n te n t o r  ^ o s p h o ru a  co n te n t.
F le c k  an d  M u n ro  (1962) e x p lo re d  th e  u s e  of u l t r a v io le t  
a b s o rp tio n  m e a s u re m e n ts  fo r  RNA e s t im a tio n  an d  found  th a t  th e  
u s u a l  p ro lo n g e d  a lk a lin e  d ig e s tio n  of r a t  l i v e r  s a m p le s  r e le a s e s  
a  c o n s id e ra b le  am o u n t of t i s s u e  p ro te in  in  an  a c id - s o lu b le  f o rm  
w h ich  s e r io u s ly  in c r e a s e s  th e  u lti*av io le t a b s o rp tio n  of th e  RNA 
f r a c t io n  of th e  d ig e s t .  H o w e v e r , i f  h y d ro ly s is  i s  c a r r i e d  ou t f o r  
on ly  a  s h o r t  t im e  in  d ilu te  a lk a l i ,  a l l  th e  l iv e r  RNA is  r e le a s e d  In  
a c id - s o lu b le  f o rm  w ith o u t s ig n if ic a n t c o n ta m in a tio n  by p o ly p ep tid e  
m a te r i a l ,  and  th u s  an  a c c u r a te  e s t im a te  of r a t - l i v e r  RNA can  be 
o b ta in e d  f ro m  th e  e x tin c tio n  of th e  acid*^soluble f r a c t io n  a t E60m p.
H ow evei' w hen  m e  a s  urexxientQ of th y ro id  RNA co n ten t 
w e re  c a r r i e d  o u t u s in g  th is  s h o r t -d ig e s t io n  fo rm , of th e  S c h m i i t - '  
T h a n h îia u se r  p r o c e d u r e ,  th e  acid?*soluble RNA f r a c t io n s  o b ta in e d  
w e re  found  to  be  c o n ta m in a te d  to  a  c o n s id e ra b le  e x te n t w ith  
p o ly p ep tid e  m a te r ia l  a b s o rb in g  a t 260m p, and  th u s  a c c u ra te  
e s t im a te s  of t l iy ro id  RNA co n ten t cou ld  n o t be  m a d e  by d i r e c t  
m e a s u re m e n t  of th e  u l t r a v io le t  a b s o rp tio n  a t 260m p . T h e . 
p o ly p ep tid e  m a te r ia l  r e s p o n s ib le  fo r  th is  c o n ta m in a tio n  of th e  
RNA f r a c t io n  a r o s e  f ro m  e x te n s iv e  b reak d o w n  of th y ro g lo b u lin  
3:e s u itin g  in  a lk a lin e  d e g ra d a tio n  p ro d u c ts  w h ich  w e re  a c id -  
s o lu b le . T hus c o r r e c t io n  p ro c e d u re s  h a d  to  be  d e v is e d  in  
o r d e r  to  o b ta in  q u a n tita tiv e  e s t im a te s  of th y ro id  RN A . 
T h y ro g lo b u lin  wa.s a lso  found  to  in te r f e r e  w ith  th e  e s t im a tio n  
of DNA by c o lo r im e tr ic  m e a s u re m e n t  of d e o x y r ib o s e , and  ag a in  
in v e s t ig a t io n s  h a d  to  be c a r r i e d  ou t to  f in d  an  a c c u r a te  m e th o d  
f o r  a s s a y in g  th y ro id  DNA.
Wheal s ta n d a rd  p ro c e d u re s  h ad  b ee n  d e v is e d  fo r  th e  
s p e c ia l  c a s e  of th e  th y ro id  g la n d , s tu d ie s  on th e  n u c le ic  a c id  
co n ten t of th e  th y ro id  g la n d s  of v a r io u s  s p e c ie s  w e re  c a r r i e d  
ou t w ith  a  v iew  to  e s ta b lis h in g  a  r e la t io n s h ip  b e tw e e n  th e
c o m p o s itio n  of th e  v a r io u s  co m p o n en ts  of th e  g lan d  an d  s p e c ie s
c h a r  a c te  r i  s t i  c s su c h  a s  body  w e ig h t and  th y ro id  fo l l ic le  s iz e .
T h e  r e a s o n  f01* e x p lo rin g  su ch  r e la t io n s h ip s  i s  a s  fo llo w s ;
B a s a l  e n e rg y  m e ta b o l is m  is  r e la te d  to  th e  0 .7 3  p o w er of body
w e ig h t (B ro d y , 1945), and  th u s  th e  in te n s i ty  of th e  m e ta b o l is m
of m a m m a ls  d im in is h e s  w ith  in c r e a s in g  s iz e  of s p e c ie s ,  A
0 ?s im i la r  z^elationship  to  body y^qlgbt; (W * ) i s  fo llo w ed  by ;
s e v e r a l  param.ete%'S of m a m m a lia n  p ro te in  m e ta b o l is m , su c h
15a s  th e  r a te  of ex ch an g e  of ( N)■^labelled am in o  a c id s  w ith  t i s s u e  
p ro te in s  an d  th e  tu rn o v e r  of p la s m a  a lb u m in  (M unto> 1964). I t  
m ig h t b e  a n t ic ip a te d  th a t  th is  e ffe c t of body s iz e  on  th e  in te n s i ty  
of p r o te in  s y n th e s is  w o u ld  b e  r e f le c te d  in  d if fe re n c e s  i n  th e  
c o n c e n tra t io n  of t i s s u e  n u c le ic  a c id s ,  s in c e  th e y  a r e  c o n c e rn e d  
w ith  p r o te in  s y n th e s is .
T h is  h y p o th e s is  w as  t e s te d  by M unro  an d  D ow nie (1964) 
who w e re  ab le  to  show  th a t ,  a s  th e  s iz e  of th e  s p e c ie s  of 
m a m m a l i n c r e a s e s ,  th e  am o u n t of RNA p e r  l i v e r  c e l l  
p r o g r e s s iv e ly  d e c r e a s e s .  T h is  e f fe c t of body  s iz e  on  l iv e r  
c e l l  c o m p o s itio n  co u ld  be  c o r r e la te d  w ith  a  s lo w e r  r a te  of 
s y n th e s is  of p la s m a  p ro te in s  in  th e  l a r g e r  a n im a ls .
T h u s  s tu d ie s  w e re  c a r r i e d  ou t on  th y ro id  c e l l
co m p o s itio n  to  s e e  if  à  s im i la r  r e la t io n s h ip  e x is ts  b e tw een  
th y ro id  c o m p o s itio n  and  th e  a n im a l s iz e  •
M A TER IA LS AND M ETHODS 
T is s u e  P r e p  a r  a t ion 
T h y ro id  t i s s u e  w aa o b ta in e d  f ro m  r a t a ,  r a b b i t s ,  c a t s ,  
d o g s , sh e e p , p ig s  and  co w s . H ea lth y  ad u lt a n im a ls  on th e i r  
u s u a l d ie ts  w e re  u se d ; th e y  w e re  a ll m a le s  e x c e p t in  th e  c a s e  
of cow s and  sh e e p  (lam bs)*  T h e  th y ro id  g lan d s  w e re  e x c is e d  
a s  q u ick ly  a s  p o s s ib le  a f te r  k ill in g  and th e  c a p s u le s  and  a l l  
e x tra n e o u s  t i s s u e  z-em oved. T he g lan d s  f ro m  r a t s  w e re  f i r s t  
f ro z e n  to  p re v e n t  lo s s  of c o llo id  w h ile  a d h e re n t f ib ro u s  t i s s u e  
w as b e in g  rem oved*  T he g la n d s  w e re  th e n  a n a ly s e d  in d iv id u a lly , 
e x c e p t f o r  th e  r a t s  w h e re  th e  g lan d s  of s e v e r a l  a n im a ls  w e re  
pooled* The. m a te r ia l  f r o m  rats.^and r a b b its  w a s  c a re fu l ly  
c h e c k e d  h is to lo g ic a l ly  to  e n s u re  th e  a b se n c e  of t i s s u e s  o th e r  
th a n  th y ro id . O ne s a m p le  of h is to lo g ic a lly  n o rm a l  h u m an  
th y ro id  w as a lso  a n a ly se d ; i t  was* o b ta in ed  f ro m  an  ad u lt m an  
d u rin g  o p e ra t iv e  re m o v a l of a  b en ig n  tu m o u r  in  th e  th y ro id  
re g io n .
T is s u e  A n a ly s is  
T h y ro id  t i s s u e  w a s  h o m o g e n ise d  in  19 v o lu m e s  ic e - c o ld  
w a te r  u s in g  a  H elco  B le n d e r  ex c ep t in  th e  c a s e  of r a t s  and
Fig* 5,
SEPA R A T IO N  OF N U C LEIC  ACIDS (F le c k  an d  M u n ro , 1962)
1 in  20 h o m o g e n a te  of th y ro id  t i s s u e  in  w a te r  a t 0 p r e p a r e d  
u s in g  N elco  B le n d e r .
5m h s a m p le s  of a  1 in  20 h o m o g en a te
A dd3#nl»0 . 6N -H C 10 * S tan d  10 min* in  ic e ,  th e n  c e n tr ifu g e
a t I ,  0 0 0 ^  fo r  10 m in* 
a t 0^ .
S u p e rn a ta n t P z 'e c ip ita te
(d isc a rd )
P r e c ip i t a te
W ash  tw ic e  w ith  5 m l, 
0 .2 N -H C 1 0 ^  adding  
w a sh in g s  to  th e  
s u p e rn a ta n t  f r a c t io n .
W ash  tw ic e  w ith  5m h 0* 2 N -H C 10^ 
d is c a rd in g  the  w ash in g s*  P p t ,  
d r a in e d , and  4 m h  0 * 3N -K O H  ad d ed . 
In c u b a te  a t 37 fo r  1 h r .  th e n  cool
in  ic e .  A dd 2. 5m L 1 * 2N -H C 10 4 'an d  s ta n d  fo r  10 m in , in  ic e .  
C e n tr ifu g e  a t | l ,0 0 0 g  fo r  10 m in .
V
P r e c ip i t a te  (DNA fra c tio n )
D is so lv e  in  0 ,3 N -N aO H  and  
m ak e  up  to  a  su ita b le  
v o lu m e  in  0* IN -N aO H  fo r  
depxyz’ib o s e  e s t im a t io n s .
V
C o m b in ed  S u p e rn a ta n t (RNA fra c tio n )
M ake up to  a  s u ita b le  v o lu m e  in  
0 . IN -H C IO ^ fo r  u l t r a v io le t  a b s o rp tio n  
m e a s u r e m e n ts  a t 2 6 0m p .
r a b b i ts  w h e re  29 v o lu m e s  of w a te r  w e re  u s e d .
E s t im a tio n  of P r o te in  C o n ten t
T h is  w as c a r r i e d  o u t u s in g  th e  m e th o d  of L o w ry ,
K o se b ro u g h , F a r r  and  R a n d a ll(1951) u s in g  b o v in e  s e ru m
a lb u m in  as  s ta n d a rd .  A s s a y s  w e re  c a r r i e d  ou t on Im l .
s a m p le s  of th y ro id  h o m o g e n a te  d ilu te d  1 in  40 .
B epare ition  of N u c le ic  A c id s
T h is  w as c a r r i e d  ou t a c c o rd in g  to  th e  m e th o d  of
F le c k  and  M u n ro  (1962) w h ich  is  an  a d a p ta tio n  of th e  a lk a lin e
d ig e s tio n  p ro c e d u re  of S c h m id t an d  T h a n n h a u s e r  (1945). A n
o u tlin e  of th e  p ro c e d u re  i s  show n in  F ig .  5 .
I c e - c o ld  0 .6 N -H C 1 0  (2 .3 m l)  w as ad d ed  to  Sm L of a
co ld  aq u eo u s  h o m o g e n a te  of th y ro id  t i s s u e  in  a  c e n tr ifu g e  tu b e .
oA f te r  m ix in g  an d  s ta n d in g  10 m in . a t 0 , th e  p r e c ip i ta te  w as 
c e n tr ifu g e d  dow n and  w a s h e d  tw ic e  w ith  Snil.O* 2N-*HC10^.
(T he c h o ic e  of th is  c o n c e n tra t io n  of a c id  and  th e  o m is s io n  
of l ip id  e x tra c t io n  w as b a s e d  on d a ta  of H a ll in a n , F le c k  and 
M u n ro  (1963), who sh o w ed  th a t  e x tra c t io n  w ith  l ip id  so lv e n ts  
c a u s e s  lo s s  of R N A .) E x c e s s  a c id  w as d ra in e d  o ff, 4m L 
0 .3 N -K O H  ad d ed  and  th e  m ix tu re  in c u b a te d  a t  37*  ^ fo r  1 h r .
to  d e g ra d e  th e  KKA b u t n o t th e  DNA. T h e  a lk a lin e  so lu tio n
w as  c o o le d  in  ic e  an d  co ld  1.2N -H G 10 . added* A f te r— 4
allo w in g  th e  p r e c ip i ta te  of DNA and  p ro te in  to  f lo c c u la te ,  i t  w as 
c e n tr ifu g e d  dow n an d  w a sh e d  tw ic e  w ith  Sml* co ld  0 . 2N«HCiO^. 
S u p e rn a ta n t f lu id  an d  w a sh in g s  (the  a c id - s o lu b le 'RNÀ* fra c tio n )
w e re  m a d e  up  to  a  s u i ta b le  v o lu m e in  0 . IN -H Q IO ^ fo r
. ■
u l t r a v io le t  a b s o rp tio n  m e a s u re m e n ts *  T he p r e c ip i ta te  w as
d is s o lv e d  up in  a  s u i ta b le  v o lu m e  of 0# IN -N aO H  fo r  e s t im a tio n
of DNA content#
M eth o d s u s e d  d u rin g  E v a lu a tio n  of 
N u c le ic  A c id  P ro c e d u r e s
I s o la t io n  of P o ly p e p tid e  M a te r ia l  f ro m  th e  
a c i d -  so lu b l e' *RNi^ f ra c t io n
T h e  p r e p a r a t io n  of th e  a c id - s o lu b le  p o ly p e p tid e  m a te r ia l
of r a t  l i v e r  h a s  b e e n  p re v io u s ly  d e s c r ib e d  (F le c k  an d  M u n ro ,
1962); a  s im i la r  p ro c e d u re  w as ad o p ted  Tor c a lf  th y ro id . A
s in g le  b a tc h  of th y ro id  t i s s u e  ( l6 g .)  w as  s u b je c te d  to  th e  p ro c e d u re
fo r  e s t im a tio n  of RNA as  d e s c r ib e d  ab o v e , b u t u s in g  a p p ro p r ia te ly
in c r e a s e d  q u a n ti t ie s  of re a g e n ts*  T he in c u b a tio n  t im e  in
0 .3 N -K O H  w as in c r e a s e d  to  5h%% in  o r d e r  to  d é g ra d a  th e  RNA
to  d iffu s ib le  p ro d u c ts  (F le c k  and  M u n ro , 1962). T h e  a c id -
so lu b le  f r a c t io n  o b ta in e d  w as  d ia ly s e d  fo r  5 d ay s  a t  4^ 
a g a in s t  s e v e r a l  c h a n g es  of w a te r  and  f r e e z e - d r i e d  to  y ie ld  
a p p ro x im a te ly  20mg# of a c id - s o lu b le  m a te r i a l ,  th e  p ro te in  
c o n ten t of w h ic h , w hen  e s t im a te d  by th e  m e th o d  of L o w ry  
e t  aL  (1951), w as  97%.
E stim a tio n  of P o ly p e p tid e  in  th e  ac id-so luble^R N A **fraction
S a m p le s  (1 m l.)  of th e  a c id - s o lu b le  f r a c t io n  (O .IN  w ith  
r e s p e c t  to  HCIO^) w a re  n e u t r a l i s e d  by th e  a d d itio n  of 0 . 1m l.
l.Q N -N aO H , th e n  th e  r e a g e n ts  ad d ed  fo r  th e  e s t im a tio n  of 
p ro te in  by th e  p ro c e d u re  of L o w ry  e t a l .  (1951). T h e  
a p p ro p r ia te  a c id - s o lu b le  p e p tid e  m a te r ia l  w a s  u s e d  a s  s ta n d a rd . 
E s t im a tio n  of Rifoose
T h is  w as  m e a sx ired  by th e  o rç in o l  p ro c e d u re  of K e r r  
and  S e r a id a r ia n  (1945), th e  p e r io d  of h e a tin g  in  th e  re a g e n t 
b e in g  ex ten d e d  to  30 m in* ( F o r b e s ,  S te e le  an d  M u n ro , 1964). 
T h e  c o lo u r  fo rm e d  w as  c o m p a re d  w ith  th a t  f ro m  r ib o s e ,  and  
w as e x p r e s s e d  a s  RNA p h o sp h o ru s  on th e  a s s u m p tio n  th a t  lOpg. 
r ib o s e  g iv e  th e  s a m e  c o lo u r  a s  4* 13pg. RNA p h o sp h o ru s  
( F o rb e s  e t a l . , 1964) *
a;)
P rép a ra tio n  of P u r if ied  RNA
RNA w as p r e p a r e d  by  th e  pheno l m e th o d , of E a s o n ,
C lin e  an d  S m e ll ie  (1963). T he p r e p a r a t io n  w as  found  to
c o n ta in  l a s s  th a n  1% p r o te in  (L o w ry  a t a l# , 1951), l e s s
th a n  1% DNA (G e r io t t i ,  1952) and  no d e te c ta b le  c o n ta m in a tin g
c a rb o h y d ra te *
E s t im a tio n  of DNA
A tte m p ts  w e re  m a d e  to  e s t im a te  th y ro id  DNA by
m e a s u r e m e n ts  of d e o x y r ib o se  an d  D N A -phosphorus*
C o lo r im e tr ic  M e a s u re m e n t of D e o x y rib o se
(a) M ethod  of G e r io t t i  (1952): T h e  p r in c ip le  of th is
m e th o d  i s  th a t  d e o x y r ib o se  a lo n e , w hen  h e a te d  in  th e  p r e s e n c e
of cone* H C l, g iv e s  a  c o lo u r  w h ich  is  n o t  c h lo ro fo rm -
e x tr a c ta b le  u n lik e  th e  o th e r  m a m m a lia n  t i s s u e  c o lo u r  co m p le x e s
fo rm e d  d u r in g  th e  reac tio n *
T h e  p ro c e d u re  u s e d  fo r  th e  DNA f r a c t io n s  p r e p a r e d  a s
d e s c r ib e d  p re v io u s ly  w as a s  fo llo w s :-  T o  2ml* a liq u o ts  of th e
DNA s o lu t io n s , I m l .  0*04% Indo le  and  1ml* c o n c . H C L  w e re  ad d ed ,
an d  th e  so lu tio n s  m ixed* T h e  s a m p le s  w e re  h e a te d  f o r  10 min* 
oa t  100 * an d  th e n  co o led  rap id ly *  T h ey  w e re  th e n  ex trac ted *
t l i r e e  t im e s  w ith  4 m l, p o r t io n s  of G H C l^i d is c a rd in g  th e  GHCl^ 
l a y e r s .  O n th e  l a s t  e x t r a c t io n  th e  so lu tio n s  w e re  c e n tr ifu g e d  a t 
100^ fo r  5 m in . b e fo re  re m o v in g  th e  GHQl^ l a y e r .  T he 
e x tin c tio n s  a t 490m p of th e  aq u eo u s la y e r s  w e re  th e n  
m e a s u r e d ,  an d  th e  v a lu e s  o b ta in ed  c o m p a re d  w ith  th a t  f ro m  a  
s ta n d a rd  so lu tio n  of p u r if ie d  c a lf - th y m u s  DNA, In  a l l  c a s e s  
th e  e x tin c tio n  a t 490m p of a  r e a g e n t  b la n k  w as  s u b tr a c te d  
f ro m  th e  s a m p le  v a lu e s ,
(b) M o d if ic a tio n  of th e  C e r io t t i  P r o c e d u r e  (S ch m id , 
S ch m id  and  B ro d ie , 1963); 1ml# DMA so lu tio n
and  1 m l. m o n o c h lo ro a c e tic  a c id  (fin a l pH Z*B) w e re  h e a te d
f o r  80 m in , a t  90^ . T h e  so lu tio n s  w e re  c o o le d  an d  1ml*
0 ,6%  in d o le  an d  1 m l. 10H**HC1 a d d e d , an d  th e  r e s u l t in g  so lu tio n s
h e a te d  fo r  a  f u r th e r  80 m in* a t  85^ f o r  c o lo u r  d e v e lo p m e n t. T he
s a m p le s  w e re  a g a in  cooled# e x t r a c te d  w ith  C H C l^ , and  th e i r
e x tin c t io n s  a t  490m p m e a s u r e d  a s  d e s c r ib e d  in  (a ) ,
(c) E s t im a tio n s  of d eo x y p en to se  w e re  a ls o  c a r r i e d  
o u t u s in g  th e  d ip h e n y lam in e  r e a c t io n  a c c o rd in g  to  th e  
m o d if ic a tio n  of B u r to n  (1956),
p o te rm in a t io n  of DNA by P h o s p h o ru s  E s t im a tio n
T h e  p r e p a r a t io n  of th e  DNA f ra c t io n s  w a s  e s s e n t ia l ly  
th e  s a m e  as  th a t  a l re a d y  d e s c r ib e d  (F le c k  and  M ü n ro , 1962) 
e x c e p t th a t  a f te r  in i t ia l  H C IO ^ p re c ip i ta t io n  an d  w ash in g  and  
b e fo re  u n d e rg o in g  a lk a lin e  d igestion#  th e  s a m p le s  w o re  
e x t r a c te d  w ith  a  s e r i e s  of l ip id  so lv e n ts  in  o r d e r  to  rem o v e  
p h o sp h o lip id s . T he p r e c ip i ta te s  w e re  d ra in e d  f r e e  of a c id  aiid 
e x t r a c te d  s u c c e s s iv e ly  w ith  th e  fo llow ing  s o lv e n ts  c e n tr ifu g in g  
a t e a c h  s ta g e ; 5 m L 90% e th a n o l co n ta in in g  2% so d iu m  ace ta te#  
5m l 6 9 5% e th a n o l an d  chlo  rcifO rm  (3:1 ) , 5mlo 95% e th a n o l and  
d ie th y l e th e r  (3:1) and  f in a lly  S m U d ie th y le th e r . T h e  ad d itio n  
of 2% so d iu m  a c e ta te  to  th e  e th an o l w as  to  m in im is e  lo s s  of 
ENA# DNA an d  p ro te in  in to  th e  f i r s t  l ip id  e x t r a c t  (S te e le , 
O k a rn u ra  and  B u sc h , 1964), T h e  t i s s u e  r e s id u e  w as  th e n  
d is s o lv e d  in  4ml.lD, 3N*KOH an d  in c u b a te d  fo r  1 hr* a t 37^ as 
b efo re*  P h o s p h o ru s  e s t im a tio n s  w e re  th e n  c a r r i e d  ou t on 
s a m p le s  of th e  DNA f ra c t io n s  in  0 , lN *N aO H  a c c o rd in g  to  th e  
m e th o d  o f A lle n  (1940), s c a le d  down to  one f if th .
F in a l  T e clin ique fo r.th e , E s t im a tlo h  of th e  
N u c le ic  A c id s  of T hyro ici G lan d s f ro m  
d if fe re n t s p e c ie s
RNA an d  DNA w e re  s e p a r a te d  u s in g  th e  m e th o d , of
F le c k  an d  M u n rp  (1962) d e s c r ib e d  p rev io u s ly *  U ltr a v io le t
a b s o rp tio n  m e a s u re m e n ts  a t 260m p w e re  th e n  c a r r i e d  out
on th e  a c id "  s o lu b le ‘^ Rn X* fx* a  é t io n s . H o w ev er p o ly p ep tid e
m a te r ia l  a b s o rb in g  a t E60m p w as a lso  found  to  be  p r e s e n t
in  th e  RNA f r a c t io n ,  and  th u s  m e a s u re m e n ts  a t  S60m p
co u ld  n o t be u s e d  d i r e c t ly  fo r  e s t im a tio n  of th e  RNA
c o n te n t. A s a  re su lt#  th é  p ro te in  co n ten t of th e  a c id "
so lu b le  f r a c t io n s  w as  rp u tin e ly  m e a s u re d  (D ow ry ,e t  al* »
1951) a s  d e s c r ib e d  p re v io u s ly  to  c o r r e c t  f o r  p o ly p e p tid e
in te r f e r e n c e  s in c e  th e  s p e c if ic  .ex tin c tio n  co**efficient of
the. c o n ta m in a tin g  p o ly p ep tid e  .at:;26pmp w as  know n (T ab le  3)
In  a d d itio n , c o r r e c t io n s  w e re  .m ade fo r  p o ly p ep tid e
a b s o rp tio n  by ta k in g  u l t  r a v i  b le t  a b s o rp tio n  m e a s u re m e n ts
a t 232m p as  w e ll a s  ÊéOnlp and  com puting  th e  RNA co n ten t
f ro m  a tw o w av e len g th  c o r r e c t io n  p ro c e d u re  w h ich  is
d e s c r ib e d  in  d e ta il  la te r*  :
T h e  DNA f ra c t io n s  w e re  p r e p a r e d  as  d e s c r ib e d  ,
0 Y
#
p re v io u s ly  (F le ç k  and M u n ro , 1962), but in c o rp o ra t in g  the  
l ip id  e x t ra c t io n  p ro c e d u re  m e n tio n e d  ab o v e . M e a s u re m e n ts  
of d e o x y r ib o se  w e re  th e n  c a r r i e d  ou t u s in g  th e  m e th o d  of 
C e r io t t i  (1952), an d  of to ta l  p h o sp h o ru s  by th e  m e th o d  of 
A lle n  (1940) ,
E s t im a tio n  of Fhospholi% nd C o n ten t
M e a s u re m e n ts  w e re  c a r r i e d  ou t in  tw o w a y s . D ip ids 
w e r e ,e x t r a c te d  q u a n tita tiv e ly  f ro m  th y ro id  h o m o g e n a te s  
( l  in  3 w ith  w a te r)  by th e  p ro c e d u re  of F o lc h , D ees  and  
S lo an e * S ta n le y , 1957), o r  by e x tra c t io n  w ith  a  s e r i e s  of l ip id  
so lv e n ts  d u rin g  th e  p r e p a r a t io n  of th e  DNA f r a c t io n s  
d e s c r ib e d  p re v io u s ly . T h e  l a t t e r  m e th o d  of l ip id  e x tra c t io n  
w as u s e d  in  c a s e s  w h e re  th é  to ta l  am o u n t of th y ro id  t i s s u e  
a v a ila b le  f o r  a n ^ y s i s  w as  v e ry  sm all*  T he to ta l  p h o sp h o ru s  
co n te n t of th e  l ip id  e x t r a c ts  o b ta in e d  w as  d e te rm in e d  by th e  
m e th o d  of A lle n  (1940), and  th e  v a lu e  o b ta in e d  m u lt ip lie d  by 
2 2 .8  to  g ive  th e  w eig h t of p h o sp h o lip id  p r e s e n t  (A rto m  and  
F is h m a n , 1943). I t  w as found  th a t  bo th  m e th o d s  of e x tra c t in g  
l ip id s  gave  e s s e n t ia l ly  s im i la r  v a lu e s  fo r  p h o sp h o lip id  co n ten t 
w hen  a p p lie d  to  s a m p le s  f r o m  th e  sa m e  th y ro id  g la n d .
IIESUDTS AMD. DISCUSSION 
Invéstigatlona into Methods ' of Ei-timating Thyroid RHA
T h e  m o s t  a u ita b ie  m e th o d  fo r  th e  e s t im a tio n  of th e  
n u o le ie  a c id s  of a n im a l t i s s u e s  s e e m s  to  b e  th a t  of S ch m id t and  
T h n n h h k ù se r  (194Ô)# in"#% ioh th e  t i s s u e  EN A  a n d  DNA a r e  
s e p a r a te d  by" d ig e s tio n  in  a lk a li  w h ich  h y d ro ly s e s  th e  RNA 
to  a c id ^ so ln b lo  f r a g m e n ts  w h e re a s  th e  DNA an d  m o s t  of th e  
c e l l - p r o ta in - a r e  r e p r e c ip i ta t e d  upon  a c id if ic a tio n  (H u tch iso n  
and  M u n ro , Î 9 6 I ) ,  T h e  RNA of the  a c id ^ so lu b le  f r a c t io n  can  
th e n  bo m e a s u r e d  in  s e v e r a l  w a y s , e a c h  of w h ich  i s  l ia b le  to  
e r r o r s  a r i s in g  f ro m  c o n ta m in a tio n  of th e  acid^^aoluM e f ra c t io n  
w ith  o th e r  t i s s u e  c o n s t i tu e n ts  a s  m e n tio n e d  p rev io u s ly *  F r o m  
s tu d ie s  of F lo c k  an d  M u n ro  (1 9 6 2 ) on th e  use of u l t r a v io le t  
abB or'p tion m e â s u ro m e n tc  fo r  ENA d e te rm in a t io n , i t  a p p e a r s  
th a t  th e  u s u a l  p ro lo n g e d  a lk a lin e  d ig e s tio n  o f l i v e r  a a m p le s  
r e l e a s e s  a  c o n a ld e ra M e  am o u n t of t i s s u e  p r o te in  in  a n  acid** 
so lu b le  f o rm  w h ich  a e r io u s ly  in c r e a s e s  th e  u i t r a v io le t  
a b s o rp tio n  of th e  ENA f r a c t io n  of th e  d ig e s t .  H o w ev e r if  
a lk a lin e  h y d ro ly a is  i s  c a r r i e d  ou t f o r  only 1 h r*  a t  37^ in  
0*3H *RO H j a l l  th e  l iv e r  RNA i s  r e le a s e d  In  ac id -^so lub le  fo rm
w ith o u t s ig n if ic a n t c o n ta m in a tio n  by p o ly p e p tid e  m a te r ia l#  
and  th u s  an  a c c u r a te  e s t im a te  of ra t-U v e r  RNA c o n te n t can  
b e  o b ta in e d  f ro m  th e  e x tin c tio n  of th e  a c id - s o lu b le  f r a c t io n  
a t  260m p (F ig . 6).
T h is  m e th o d  w as a p p lie d  to  sheep-# p ig -an d  c a lf -  
th y ro id  t i s s u e  an d  th e  u l t r a v io le t  a b s o rp tio n  s p e c t r a  of th e  
ac id "so lu b le"R N X ' f r a c t io n s  in  0 , 1N "H C10^ p lo tte d  o v e r  th e  
ra n g e  2 2 0"300m p  (F ig . 6 ), W hen th e  s p e c t r a  o b ta in e d  w e re  
c o m p a re d  w ith  th a t  o f a  s a m p le  of p u r if ie d  RNA (F ig . 6)# 
th e  a b s o rp tio n  m in im u m  a t 232m p c h a r a c te r i s t i c  o f p>ure 
RNA i s  s h if te d  to  240m p in  th e  t i s s u e  RNA f r a c t io n  and  th e  
g e n e ra l  le v e l  of u l t r a v io le t  a b s o rp tio n  o v e r  th is  w av e le n g th  
ra n g e  i s  in c r e a s e d .  T h e s e  ch a n g es  a r e  su g g e s tiv e  of 
p o ly p e p tid e  c o n ta m in a tio n  an d  th is  w as  c o n f irm e d  by 
m e a s u r e m e n t  of th e  p ro te in  co n ten t of th e  th y ro id  a c id -  
so lu b le  f r a c t io n s  (D ow ry e t  a l . , 1951). I t  w a s  a ls o  found  
th a t  th e r e  w as  a  g r e a t e r  d e g re e  of c o n ta m in a tio n  th e  l a r g e r  
th e  s p e c ie s  of a n im a l th y ro id  used* T h is  is  r e f le c te d  in  
th e  in c r e a s e  in  th y ro id  p ro te in  co n ten t w h ich  is  o f fs e t  by a  
d e c r e a s e  in  th y ro id  RNA co n te n t w ith  in c r e a s in g  foody sisse
Absorbancy in 0,D. units



















































































































































(T a b le  6 ). In  d if fe i 'e h t saiiip leN  th e  c o n tr ib u tio n  of p e p tid e  
to  th e  to ta l  u l t r a v io le t  a b s o rp tio n  a t 260m )ji-varied  b e tw e e n  6 
and  12%* T h is  r e p r e s e n t s  a  m u ch  g r e a t e r  d e g r e e ,o ï p o ly p e p tid e  
c o n ta m in a tio n  in  th e  ac id * 'so lu b le  f r a c t io n  th a n  w as  found, by 
F le c k  and  M u n ro  (19$2) f o r  l i v e r  sa m p le s^  an d  p re su n a a b ly  
in d ic a te s  th a t  th y ro id  p ro te in s  a r e  m o re  r e a d i ly  h y d ro ly s e d  to  
a c id # so lu b le  p ro d u c ts  by 0.3N #K OH » T bua d i r e c t  m e a s u r e m e n t  
o f th y ro id  RNA c o n te n t by u l t r a v io le t  a b s o rp tio n  a t 260m p of th e  
acid"*soluble f r a c t io n  i s  u n s a t is f a c to ry  s in c e  th e  e x a c t 
c o n tr ib u tio n  of th e  in te r f e r in g  p o ly p ep tid e  m a te r ia l  to  th e  to ta l  . 
a b s o rp tio n  a t  260m p is  unknow n.
E stim ates of the ribose content of the acid**soluble 
fractions w ere then carried  out using the orcinol procedure. 
R esults ^ ere  again unsatisfactory since the amount of polypeptide 
m aterial present was sufficiently great to in terfere in the 
co lorim etric reaction. Interference could be due to both 
polypeptide and the carbohydrate residues of thyroglpbulin, 
since both protein and sugars are known to in terfere in the orcinol 
reaction (Hutchison and Munro, 1961),
G a lf- th y ro id  s a m p le s  w e re  a g a in  s u b je c te d  to  th e  p ro c e d u re
o£ F le c k  and  M unro  (1962) fo r  p r e p a ra t io n  of th e  a c id ^ so lu b le  
f r a c t io n s  b u t th is  t im e  th e  s a m p le s  w e re  e x t r a c te d  w ith  
a  s e r i e s  of l ip id  s o lv e n ts  b e fo re  th e  a lk a lin e  d ig e s tio n  s ta g e  
a s  d e s c r ib e d  in  th e  ’^ methods** s e c t io n  fo r  DNA, T h is  w as 
c a r r i e d  ou t to  s e e  if  so m e  of th e  c o n ta m in a tin g  p e p tid e  m a te r ia l  
co u ld  be re m o v e d  on l ip id  e x t ra c t io n .  H o w ev er th is  p ro c e d u re  
w as fo u n d  to  in c r e a s e  f u r th e r  th e  am oun t of p o ly p e p tid e  
su b se q u e n tly  a p p e a r in g  in  th e "R N ^  f r a c t io n ,  a s  d e te rm in e d  by 
th e  m e th o d  of L o w ry  e t  a l ,  (1951), T he RNA freictionB  p r e p a r e d  
w ith o u t l ip id  e x t r a c t io n  c o n ta in e d  p o ly p ep tid e  a t  a  c o n c e n tra t io n  
of 41pgY m l,  w h e re a s  th e  p ro te in  co n ten t of th e  l ip id - e x t r a c te d  
s a m p le s  w as  abou t 7 0 p g /m l,
In  o r d e r  to  ch eck  th a t  a c id # so lu b le  p ro d u c ts  of th y ro id  
p ro te in  w e re  th e  s o u rc e  of c o n ta m in a tio n  in  thy ro id"R N A ‘f r a c t io n s ,  
a  s a m p le  of p u r if ie d  th y ro g lo b u lin  (D e r r ie n ,  M ic h e l an d  R o ch e ,
1948) o b ta in e d  f ro m  D r , G oud ie  (W e s te rn  I n f i r m a r y ,  G lasgow ) 
w as  s u b je c te d  to  th e  p ro c e d u re  u s e d  fo r  n u c le ic  a c id  s e p a ra t io n ,  and  
th e  u l t r a v io le t  a b s o rp tio n  s p e c tru m  of th e  r e s u l t in g  a c id - s o lu b le  
f r a c t io n  p lo tte d  o v e r  th e  ra n g e  220#300m p a s  show n in  F ig ,  7, 












F i g ,  7 .
C o m p a r i s o n  of  th e  a b s o r p t i o n  s p e c t r u m  o f  th e  
c o n t a m i n a t i n g  p o l y p e p t i d e  m a t e r i a l  (50 pg* p r o t e i n / m l .  ) ,  
( o ) , w i t h  th a t  o f  t h e  a c i d - s o l u b l e  m a t e r i a l  f r o m  p u r i f i e d  
t h y r o g l o b u l i n  (74  p g .  p r o t e i n / m l .  ) ,  ( o ) . B o t h  s a m p l e s  
w e r e  in  0 .  I N - H C I O  , .
e t  a l .  » 1951), I t c a n  be s e e n  f ro m  Fig* 7 th a t  th e  u l t r a v io le t  
a b s o rp tio n  s p e c t r u m  of th e  a c id - s o lu b le  th y ro g lo b u lin  f r a c t io n  
i s  v e ry  s im i l a r  to  th a t  of th e  is o la te d  c o n ta m in a tin g  p o ly p ep tid e  
m a te r i a l ,  an d  th e  am o u n t of th y ro g lo b u lin  s o lu b i l iz e d  in  a c id  
(abou t 40%) w as  l a r g e .  T h u s a c id - s o lu b le  d e g ra d a tio n  p ro d u c ts  of 
th y ro g lo b u lin  a r e  l ik e ly  to  be  th e  s o u rc e  of p o ly p e p tid e  c o n ta m in a tio n
tr It
in  th e  acid*^soluble RNA f r a c t io n .  T h e re  i s  ev id e n c e  th a t  
th y ro g lo b u lin  i s  b ro k e n  dow n by a lk a li  in to  p o ly p e p tid e s  w h ich  w ould  
p ro b a b ly  be a c id - s o lu b le  u n d e r  th e  co n d itio n s  u s e d  (B d e lh o ch , I9 6 0 ). 
A lk a lin e  d ig e s tio n  s tu d ie s  on  p u r if ie d  C a lf -T h y ro id  RNA
F le c k  an d  M u n ro  (1962) t r e a te d  s a m p le s  of p u r if ie d  r a t -  
l iv e  r  RNA (K irb y , 1956) by d ig e s tio n  in  0 .3 N  a lk a li  f o r  le n g th s  
of t im e  v a ry in g  b e tw e e n  15 m in . and  24 h r .  in  o r d e r  to  s tu d y  
th e  r e l e a s e  of RNA f ra g m e n ts  in to  th e  a c id - s o lu b le  f r a c t io n  
upon  a c id if ic a t io n . T h ey  found  th a t  th e  RNA w a s  no  lo n g e r  
p r e c ip i ta b le  w ith  a c id  a f te r  15 m in . a lk a lin e  d ig e s tio n , and  in  
a d d itio n  th a t  th e  in c r e m e n t  in  u l t r a v io le t  a b s o rp tio n  a t 260m p 
of th e  RNA f r a c t io n ,  p ro d u c e d  as  a  r e s u l t  o f a lk a lin e  h y d ro ly s is ,  
w as  fu lly  d ev e lo p ed  w ith in  1 h o u r .  T h is  in c r e m e n t  in  u l t r a v io le t  
a b s o rp tio n  i . e .  th e  h y p e rc h ro m ie  e f fe c t i s  due to  h y d ro ly s is  of
th e  RNA to  s m a l le r  p o ly r ib o n u c le o tid e s  an d  f in a lly  to  s in g le  
n u c le o tid e s  (T su b o i, 1950). F le c k  and M un ro  (1962) th e r e fo r e  
s e le c te d  an  a lk a lin e  d ig e s tio n  p e r io d  of 1 h r .  f o r  th e  s e p a ra t io n  
of l iv e r  n u c le ic  a c id s  s in c e  a f te r  th is  t im e  th e  h y p e rc h ro m ie  
e f fe c t w as  c o m p le te  an d  a ls o  th e r e  w as no s ig n if ic a n t r e le a s e  of 
p o ly p ep tid e  m a te r ia l  in to  th e  a c id - s o lu b le  RNA f r a c t io n  a t  th is  
t im e .
S im i la r  in v e s tig a tio n s  w e re  c a r r i e d  ou t u s in g  p u r if ie d  
c a lf - th y ro id  RN A . I t  w as  fou n d  f ro m  m e a s u r e m e n ts  of r ib o s e  
co n ten t by th e  o rc in o l  m e th o d  th a t  th e  RNA w as  no lo n g e r  a c id -  
p r e c ip i ta b le  a f te r  30 m in . a lk a lin e  d ig e s tio n  in  0 .3N -K O H * A 
g ra p h  show ing  th e  ch an g es  in  u l t r a v io le t  a b s o rp tio n  a t ZùOmp 
of th e  RNA c a u s e d  by a lk a lin e  d ig e s tio n  i s  show n in  F ig .  8 . 
F r o m  th e  g ra p h  i t  a p p e a r s  th a t  th e  h y p e rc h ro m ie  e ffe c t 
i s  n o t fu lly  d ev e lo p ed  u n ti l  a fé e r  se v e rab h r, a lk a lin e  d ig e s tio n , 
bu t i s  abou t 96% c o m p le te  a f te r  1 h r .  T h is  in c r e m e n t  in  
u l t r a v io le t  a b s o rp tio n  co u ld  n o t h av e  b ee n  due to  co n tam in a tin g  
p o ly p e p tid e  m a te r ia l  p r e s e n t  in  th e  RNA p r e p a r a t io n  b eco m in g  
a c id - s o lu b le  on  p ro lo n g e d  a lk a lin e  d ig e s tio n  s in c e  th e  p ro te in  
c o n c e n tra t io n  of th e  p r e p a r a t io n  w as l e s s  th a n  1% (L o w ry  e t  a l . ,
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TIME (H R .)
C h a n g e s  in  th e  ^ ^ 5 0  p u r i f i e d  c a l f - t h y r o i d  R N A
c a u s e d  by  d i g e s t i o n  at  3 7 °  i n  0 . 3 N - K O H .  T h e  d i g e s t  w a s  
a c i d i f i e d  to  a f i n a l  c o n c .  o f  0 .  I N - H C l O , b e f o r e  t h e  E. 
m e a s u r e m e n t s  w e r e  m a d e .
4 '260
1951). I t  i s  a ls o  u îiU keiy  th a t  th e  c o n tin u ed  r i s e  in  a b s o rp tio n  
a t 260m p w as due to  d e a m in a tio n  of c y tid y lic  a c id  to  u r id y l ic  
a c id  s in c e  th e  c o n c e n tra t io n  of a lk a l i  u s e d  w as f a i r ly  low  and  
r a t - l iv e r  c y tid y lic  a c id  w as  n o t d e a m in a to d  u n d e r  th e s e  
co n d itio n s  (F le c k  and  M u n ro , 1962). T h e r e f o r e  i t  w ou ld  a p p e a r  
th a t  th e  co n tin u e d  r i s e  in  u l t r a v io le t  a b s o rp tio n  a t 260nip  
r e f le c ts  a  g en u in e  h y p e rc h ro m ie  e f fe c t w h ich  i s  n o t co m p le te  
u n til  ab o u t a f te r  5 h r ,  a lk a lin e  d ig e s tio n .
H o w ev e r i t  w as  d e c id e d  to  co n tin u e  u s in g  an  a lk a lin e
d ig e s tio n  p e r io d  o f 1 h r .  s in c e  th e  h y p e rc h ro m ie  e f fe c t  w as
abou t 96% c o m p le te , and  s in c e  p ro lo n g in g  th e  p e r io d  of a lk a lin e
d ig e s tio n  w ith  th y ro id  s a m p le s  w ou ld  s e r io u s ly  in c r e a s e  th e
am o u n t of c o n ta m in a tin g  p o ly p ep tid e  m a te r ia l  a p p e a r in g  in  th e
RNA f r a c t io n ,  th u s  m a k in g  e s t im a te s  of RNA c o n te n t by
u l t r a v io le t  a b s o rp tio n  m e a s u r e m e n ts  m o re  d if f ic u lt  to
c o r r e c t  f o r  th is  s o u rc e  of e r r o r .
C o r r e c t io n s fo r  th e p r e s e n c e  of P o ly p e p tid e  in  th e  
ac id ^  so lu b le  RNA f r a c t io n
W hen s a m p le s  of p u re  ac id-»so luble p o ly p e p tid e  
m a te r ia l  w e re  a v a ila b le  f o r  u t i l iz a t io n  a s  s ta n d a r d s ,  th e
am o u n t of p o ly p ep tid e  p r e s e n t  in  th e  a c ld - s o l i ib le '‘RNii* 
f r a c t io n s  co u ld  be e s t im a te d  d ir e c t ly  by th e  m e th o d  of L o w ry  
e t  al# (1 9 5 1)i and c o r r e c t io n s  m a d e  fo r  th e  co rresx?ond ing  
e r r o r s  in  u l t r a v io le t  a b s o rp tio n  a t 260m p (T a b le s  1 an d  E), 
H o w ev er th is  p ro c e d u re  i s  so m ew h at te d io u s  w ith  l a r g e  n u m b e rs  
of s a m p le s  and  an  u l t r a v io le t  s p e c tro p h o to m e tr ic  m e th o d  of 
m ak in g  th is  .c o r r e c t io n  w as c o n s id e re d , s i n e a n d  
p o ly p e p tid e  ax'e th e  on ly  tw o u l t r a v io le t - a b s o rb in g  s u b s ta n c e s  
p r e s e n t  in  d e te c ta b le  am o u n ts  in  th e  acid»*soluble frac tio n #
T h is  n e c e s s i ta te d  th e  is o la t io n  of s a m p le s  of p u r if ie d  
th y ro id  RHA and  of th e  co n ta m in a tin g  p o ly p e p tid e  m a te r ia l  fo r  
d a te rm in a t io n  of th e i r  u l t r a v io le t  a b s o rp tio n  c h a r a c t e r i s t i c s .
T h e  r e s u l t s  o b ta in e d  fo r  c a lf  th y ro id  a r e  show n in  F ig .  6 and 
T a b lé  3 w h e re  th ey  a r e  c o m p a re d  w ith  d a ta  o b ta in e d  fo r  r a t  
liver (F le c k  and  M u n ro , 196E; F le c k  and  B eg g , 1965),
A s m e n tio n e d  p re v io u s ly ,  th e  u l t r a v io le t  a b s o rp tio n  
s p e c t r a  of th e  ac id -so lub le* 'R N X ' f r a c t io n s  f ro m  th y ro id  and  
l iv e r  w hen  c o m p a re d  w ith  th o s e  of th e  p u re  t i s s u e  RNA show  
th e  m o s t  obv ious d if fe re n c e s  in  a b s o rp tio n  a t E3Em p, th e  
w a v e le n g th  of m in im a l a b s o rp tio n  o f RNA (F ig . 6), an d  th is
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i s  r e f le c te d  in  th e  c o r re s p o n d in g  in c r e a s e s  in  th e  
^260zn;jL (X aM e 4 ) , T h u s  in  th e  acid-soluble**RNX*
f ra c t io n s  f ro m  th y ro id , th e  w av e len g th  of m in im a l 
a b s o rp tio n  h a d  s h if te d  f ro m  E3Emp to  240m p £ind th e  
a b s o rp tio n  a t Z3Emp h a d  in c r e a s e d  by 31% w h e re a s  th e  c o n tr ib u tio n  
due to  p ro te in  a t EôOmp w as only  11%. F r o m  F ig ,  6 an d  T a b le  4 
i t  can  be s e e n  th a t  c o r r e c t io n s  fo r  p ro te in  in te r f e r e n c e  a t 
EôOmp. a r e  n e c e s s a r y  fo r  a c c u ra te  e s t im a tio n  of th y ro id  RHA 
co n ten t b u t no t fo r  ra t-* liv e r RNA co n te n t. A m e th o d  of 
c o r r e c t io n  f o r  p ro te in  w as  th e r e fo r e  d e v ise d  on th e  b a s is  of 
m e a s u r e m e n ts  a t  232m p an d  260m p . T h e  m e th o d  s e le c te d  
m u s t  be  h ig h ly  s e n s i t iv e  to  ch an g es  in  th e  p o ly p e p tid e  co n ten t 
of the^RHX* f r a c t io n  ow ing to  th e  r e la t iv e ly  s m a l l  am o u n t of 
m a te r ia l  e x t r a c te d  d u rin g  th e  1 h r .  a lk a lin e  d ig e s tio n  p e r io d , 
T s a n e v  an d  M a rk o v  (I960) h a d  d e v ise d  a  tw o w av e le n g th  
c o r r e c t io n  p ro c e d u re  fo r  r a t  l iv e r  u s in g  th e  m e th o d  of W arb u rg b  
an d  C h r is t ia n  (194E) . H o w ev e r th e i r  m e th o d  is  u n su ita b le  s in c e  
th e y  m e a s u r e d  th e  c o n tr ib u tio n  of th e  c o n ta m in a tin g  p o ly p e p tid e  
in  th e  r e g io n  of ESOmp w h e re  th e  c o n tr ib u tio n  due to  p o ly p ep tid e  
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to  a llo w  a c c u r a te  c o r r e c t io n s  to  be  m a d e . T h e  c h o ice  of
E32rnjj. a s  th e  se c o n d  w a v e le n g th  w as  m a d e  b e c a u s e  i t  i s  th e
w a v e le n g th  of m in im a l a b s o rp tio n  of RNA an d  a ls o  a t th is
w a v e le n g th  p o ly p e p tid e s  h av e  a  s tro n g  a b s o rp tio n  due to  th e
p e p tid e  bond  p e a k  a t EOOnip (T o m b s ând  M a e L a g a n , 1962),
A s p re v io u s ly  d e s c r ib e d  (F le c k  and  M unro* 1962),
th e  RNA c o n c e n tra t io n  o f a  so lu tio n  can  be c o m p u te d  f ro m
th e  fo rm u la :  * A ^  -  w h e re  A  and  B a r e  co n s tan ts*RNA
is  th e  a b s o rp tio n  of th e  m ix tu re  a t  one w a v e le n g th  (X^» and
is  th e  a b s o rp tio n  a t  (X^)* T h e  c o n s ta n ts  A an d  B a r e  o b ta in e d
1 1 f ro m : A  “ an d  B « ^ a nd r_  b e in g  th e
* T V P i   ^ 2'»*r.
s p e c if ic  e x tin c tio n  c o e ff ic ie n ts  of RNA à t Xj^  an d  an d  p^ an d  
p^  th o s e  of th e  a c id -  so lu b le  p o ly p ep tid e  m a te r ia l  a t X  ^ and  X ^ »
S e le c tin g  th e  tw o w a v e le n g th s  260m p an d  2 3 2 m p , an d  u s in g  
th e  E ^ ( P )  a t  260m p fo r  c a l f - th y r o id  RNA (s e e  T a b le  3), th e  
c o n c e n tra t io n  of RNA in  t e r m s  of pg* R N A -p h o sp h o ru s /m l*  
so lu tio n  in  th e  a c id - s o lu b le  f r a c t io n  can  be  o b ta in e d  f ro m
*^RNA-^P “ ^ '^ ^ ^ 2 6 0 m |A  '  ^ ‘ ^®^232m(ji “ C)* In  a
s im i la r  fa s h io n , th e  c o n c e n tr a t io n  of RNA in  t e r m s  of R N A -P
— w w
p e r  ml* so lu tio n  in  an  a c id - s o lu b le  RHA f r a c t io n  f ro m  r a t  l iv e r
can  be o b ta in e d  f ro m  . -  3*40E^>., -  1 .4 4 F „ „ _RHA 26Ump 232m p
-  E q u a tio n  (2) (F le c k  and  B egg , 1965). T h is  m e th o d  of
c o r r e c t in g  fo r  th e  p r e s e n c e  of p o ly p ep tid e  in  acid-soluble'^RN A *
f ra c t io n s  f ro m  c a lf  th y ro id  is  i l l u s t r a te d  in  T a b le  1, and  fo r  r a t
l iv e r  in  T a b le  2 . D a ta  f o r  T a b le  2 i s  ta k e n  f ro m  s tu d ie s  of F le c k
an d  B egg  (1965). T a b le s  1 and  2 show  th a t  th e r e  i s  good  a g re e m e n t
b e tw e en  th e  r e s u l t s  o b ta in e d  w hen  th e  c o r r e c t io n  e q u a tio n  is  ap p lie d
and  th o s e  b a s e d  on d i r e c t  e s t im a tio n  of p o ly p e p tid e  m a te r ia l  p r e s e n t
in  th e  RHV^ fra c tio n *  T h u s i t  c a n  be s e e n  th a t ,  a lth o u g h  i t  i s
u n n e c e s s a ry  to  c o r r e c t  f o r  th e  p o ly p ep tid e  m a te r ia l  a b so rb in g  a t
260mp, in  th e  a c id - s o lu b le  f r a c t io n s  f ro m  r a t  l i v e r ,  c o r r e c t io n s
m u s t  be  m a d e  in  th e  c a s e  of th e  a c id - s o lu b le  f r a c t io n s  f ro m  c a lf
th y ro id , s in c e  th e  e r r o r  in  a s su m in g  th a t  th e  a b s o rp tio n  a t 260m p
is  due to  RNA a lo n e  w ou ld  be  abou t 12%, a s  s ta te d  p rev io u s ly *
In v e s tig a tio n s  in to  M eth o d s of E s tim a tin g  T h y ro id  DNA 
E s t im a tio n s  of D e o x y rib o se
DNA f ra c t io n s  in  0* IN -N aO H  f ro m  sh eep s p ig -an d  calf-"
th y ro id  t i s s u e s  w e re  p r e p a r e d  w ith o u t l ip id  e x t r a c t io n  as
d e s c r ib e d  in  th e  "M ethods'*  s e c t io n . E s t im a tio n s  of
V /
d e o x y r ib o se  in  th e s e  f r a c t io n s  w e re  th e n  c a r r i e d  o u t a c c o rd in g
to  C e r io t t i  (1952), and  th e  a b o o rp tio n  s p e c t r a  of th e  c o lo u r
c o m p le x e s  fo rm e d  p lo tte d  o v e r  th e  ra n g e  440»*5E0m}jL and  .
c o m p a re d  w ith  th a t  f ro m  a s a m p le .o f  p u r if ie d rc a lf - th y m u s  DNA
(F ig . 9). I t  c a n  be s e e n  f ro m  F ig ,  9 th a t  th e  a b s o rp tio n
s p e c tr u m  of th e  DNA f r a c t io n  f ro m  c a lf  th y ro id  i s  n o t id e n tic a l
w ith  th a t  of th e  c a lf- th y m u s  DN A  s ta n d a rd , a lth o u g h  bo th  h av e
a b s o rp tio n  m a x im a  a t 490m p w h ich  i s  c h a r a c t e r i s t i c  of d e o x y r ib o s e .
T h e  th y ro id  s a m p le  a p p e a r s  to  co n ta in  so m e  in te r f e r in g  f a c to r
w ith  an  a b s o rp tio n  m a x im u m  ab o u t 460m p w h ich  r e s u l t s  in  a  low
F  / F  . ,  _ r a t io ,  S im i la r  r e s u l t s  w e re  o b ta in e d  w hen490m|A 460m p
s a m p le s  of sh e e p -a n d  p ig - th y ro id  DNA f r a c t io n s  w e re  u s e d  (T a b le  5). 
S in ce  th e  v a lu e s  of th e  thyx^oid s a m p le s  a r e  h ig h e r  th a n  th e  
e q u iv a le n t s ta n d a rd  a t b o th  en d s  of th e  s p e c tr u m  (F ig , 9)* th e  
in te r f e r in g  f a c to r  m u s t  c o n tr ib u te  to  th e  a b s o rp tio n  a t 490m p , 
an d  th u s  m e  a s  v irem en ts  of a b s o rp tio n  a t 490m p w ill n o t p ro v id e  
a c c u ra te  e s t im a te s  of th y ro id  DNA* A ltex*ations in  th e  le n g th  of 
t im e  and  in  th e  te m p e r a tu r e  o f c o lo u r  d e v e lo p m e n t d id  n o t a l t e r  
th e  a b n o rm a l a b s o rp tio n  s p e c t r a  o b ta in e d  f ro m  th y ro id  s a m p le s ,  
an d  f u r th e r  e x t r a c t io n s  w ith  c h lo ro fo rm  d id  n o t re m o v e  th e
Fig*  9,
ABSORPTION SPECTRA OF T H g CERIOTTI DEOXYRIBOSE - INDOLE COMPLEXES  
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ia iterfering fa c to r , ,
T hyyold  DNA fra c tio n s w ere  then p rep ared  in duplicate
fro m  v a r io u s  thyro id  t i s s u e s ,  one sam ple being p rep ared  as
d esc r ib ed  above, and the other lipid**extracted as d escr ib ed
under "Methods*'. S am p les w ere  then taken for G erio tti
d eo x y rib o se  m ea su re m en ts  and a lso  for e s tim a tio n  of phosphorus
(A lien , 1940) in  the lip id-^extracted sa m p le s . The r e su lts  for
sa m p le s  of sheep-, pig-and ca lf-th yro id  t is s u e s  are shown in  Fig*
9 and  T a b le  5* In  a l l  c a s e s ,  tho c o lo u r  c o m p le x e s  p ro d u c e d  in  th e
G erio tti rea ctio n  show ed abnorm al absorption  sp e c tr a  w ith low
F / F , val ues ,  again show ing the p r e se n c e  of som e490m p 4o0mp, ^ ^ -
in ter fer in g  fa cto r  in  the th yro id  pN A  fr a c t io n s . A lso , in  all
■ ' .  ‘ ' . ■ ' * ’
ca p e s , the sa m p les  w hich  had undergone lip id  ex tra ctio n  show ed
higher v a lu es  for  absorption  at 490m u and g r e a te r  E / E . ,'  ^ 490m}j. 460m p
ra tio s  than for the correspon d ing  sa m p les p rep ared  w ithout lip id
extraction* The rea so n  why lip id  ex traction  c a u se s  an in c r e a se
in  ab sorp tion  at 490mj.i  of the thyroid  D N A  fra c tio n s  i s  unknown,
but a s im ila r  e ffec t  has been  o b serv ed  with DNA fra c tio n s  prep ared
fro m  liv e r  and adrenal tissu e»  P erh ap s lip id  ex tra c tio n  rem o v es
som e t is s u e  com ponent w hich ca u ses  p a rtia l inh ib ition  of form ation
f X
of th e  d eo K y rib o se**in d o le  c o m p le x .
' W'hon th e  3DNA p h o sp h o ru s  v a lu e s  w e re  c o m p a re d  w ith  
th o s e  c a lc u la te d  f ro r a  d e o x y r ib o se  m e a s u re m e n t  (T a b le  6), 
th e  v a lu e s  o b ta in e d  f ro m  e s t im a te s  of p h o sp h o ru s  < '/-r %
w e re  c o n s is te n t ly ;s l ig h t ly  lo w e r  th a n  th o s e  o b ta in e d  by th e  
G e r io t t i  p r o c e d u re  e s p e c ia l ly  w hen  l ip id s  h a d  b e e n  e x t r a c te d .  
T h is  d if fe re n c e  p ro b a b ly  g iv e s  a  m e a s u r e  of th e  in c r e m e n t  in  
a b s o rp tio n  a t  490m p duo to  tlio in te r f e r in g  s u b s ta n c e  p 3:0 s e n t 
in  th e  th y ro id  DMA f r a c t io n s .
S in c e  th e  G e r io t t i  p ro c e d u re  p ro v e d  u n s a t i s f a c to r y  fo r  
d e to rm in a tio n s  of th y ro id  DNA, in v e s t ig a t io n s  in to  o th e r  
m e th o d s  of DMA e s t im a t io n  w o re  c a r r i e d  out* T h e  B u rto n  
m o d if ic a tio n  (B u rto n , 1956) o f th e  d ipheny laxn ino  c o lo r im e t r ic  
r e a c t io n  w as  t r i e d ,  bu t w a s  a ls o  found  to  be  u n s a t i s f a c to r y  fo r  
thyx 'o id  t i s s u e  extx^acts s in c e  p o o r d u p lic a tio n  of r e s u l t s  w as  
o b ta in e d . T h is  i s  p ro b a b ly  due to  th e  p r e s e n c e  of g ly c o s id ic  
pe%:tides of th y ro g lo b u U n  p r e s e n t  in  th e  DMA f r a c t io n ,  s in c e  
g ly c o p ro te in  an d  s ia l ic  a c id  a r e  know n to  i n t e r f e r e  in  th e  
d ip h en y l a m in e  r e a c t io n  (C ro f t and  L u b ra n , 1965).
F r o m  tîxe re v ie w  o f H u tc h iso n  an d  M u n ro  (1961), i t  
w ould  a p p e a r  th a t  th e  tw o c o lo r im e tr ic  m e th o d s  m e n tio n e d
f 6,'
above a f e  th e  on ly  o n es  w h ich  a r e  n o rm a lly  s a t i s f a c to r y  fo r  
th e  q u a n tita tiv e  e s t im a tio n  of t i s s u e  DMA. T h e  m e th o d  of 
G e r io t t i  s e e m s  to  he  th e  m o re  s e n s i t iv e  of th e  tw o , an d  is  
l e s s  s u b je c t  to  in te r f e r e n c e  f ro m  o th e r  f is  su e  c o n s t i tu e n ts .
I t  w as  th e r e f o r e  d e c id e d  to  t r y  and  m o d ify  th is  m e th o d  to  
f in d  a  s u i ta b le  m e a n s  of m e a s u r in g  th y ro id  DMA*
D e te rm in a tio n s  of th y ro id  DMA w e re  th e n  c a r r i e d  ou t 
on s a m p le s  of c a lf - th y ro id  DMA f ra c t io n s  p r e p a r e d  w ith  and 
w ith o u t l ip id  e x tra c t io n  u s in g  a  m o d if ic a tio n  of th e  G e r io t t i  
p ro c e d u re  (S ch m id , S ch m id  and  B ro d ie , 1963). S ch m id  e t a l ,  , 
( 1963) s tu d ie d  th e  k in e tic s  of th e  G e r io t t i  r e a c t io n ,  and  
d e te rm in e d  th e  o p tim u m  co n d itio n s  fo r  th e  c o lo r im e t r ic  
e s t im a tio n  of DMA, in c lu d in g  th e  in flu en ce  of pH , te m p e r a tu r e  
and  t im e  on th e  r a te s  of DMA h y d ro ly s is  and  c o lo u r  p ro d u c tio n . 
A b so rp tio n  s p e c t r a  of th e  c o lo u r  co m p lex e s  o b ta in e d  f ro m  c a l f -  
th y ro id  f r a c t io n s  w e re  p lo tte d  o v e r  th e  ra n g e  4 4 0 -5 E 0 m p , and  
c o m p a re d  w ith  th a t  of p u r if ie d  c a lf-th y m u s DMA t r e a te d  in  th e  
sa m e  m a n n e r  (Fig* 10), T h e  a b s o rp tio n  s p e c tr u m  of th e  
s ta n d a rd  ca lf- th y m u s  DMA w as id e n tic a l  w ith  tixat o b ta in ed  








F i g .  10
A b s o r p t i o n  s p e c t r a  o f  d e o x y r i b o s e - i n d o l e  c o m p l e x e s  of  
v a r i o u s  D N A  s a m p l e s  o b t a i n e d  u s i n g  th e  m e t h o d  of  
S c h m i d  e t  a l .  ( 1 9 6 3 ) .  o ,  c a l f - t h y m u s  D N A  s t a n d a r d ;
Of c a l f - t h y r o i d  D N A  f r a c t i o n ;  Q ,  c a l f - t h y r o i d  D N A  
f r a c t i o n  ( l i p i d  e x t r a c t e d ) .
s a m p le s  w e re  ag a in  a b n o rm a l due to  the  p r e s e n c e  of so m e
in te r f e r in g  s u b s ta n c e  w ith  an  a b s o rp tio n  m a x im u m  abou t
45 5 m p . A lso  th e  a b s o rp tio n  a t 490m p w as a g a in  g r e a t e r  fo r
th e  l ip id ^ e x tr a c te d  s a m p le s  th a n  fo r  th o se  w h ich  h a d  no t
u n d e rg o n e  l ip id  e x t ra c t io n .  T h u s th is  m o d if ic a tio n  of th e
G e r io t t i  p ro c e d u re  i s  s t i l l  u n s a t is f a c to ry  fo r  th e  m e a s u re m e n t
of d e o x y r ib o se  due to  in te r f e r e n c e  f ro m  so m e  co m p o n en t of
th e  th y ro id  DNA f ra c t io n s  *
N a tu re  of th e  F a c to r  in te r f e r in g  in  th e  
G e r io t t i  D e o x y rlb o se  E s tim a tio n s
T h e  o th e r  m a in  c o n s titu e n t of th e  DNA f r a c t io n s  f ro m  
th y ro id  t i s s u e  i s  a c id ^ p re c ip i ta b le  p ro te in ,  in  th is  c a s e  m a in ly  
th y ro g lo b u U n . S in ce  th y ro g lo b u U n  is  an  io d o p ro te in  w ith  a  
v a r ie ty  of c a rb o h y d ra te  r e s id u e s  a t ta c h e d  to  i t ,  su c h  a s  
m a n n o s e , fu c o s e , g a la c to s e ,  h e x o s a m in e , an d  s ia l ic  a c id  
(S p iro  and  S p iro , 1965b), i t  co u ld  p e rh a p s  be th e  s o u rc e  of 
in te r f e r e n c e  d u rin g  c o lo r im e tr ic  e s t im a tio n  of d e o x y r ib o s e .
I t  w as found  a ls o  th a t ,  th e  l a r g e r  th e  m a m m a l f ro m  w hich  
th e  DNA f ra c t io n  w as  p r e p a r e d ,  th e  g r e a t e r  th e  in te r f e r e n c e  
d u rin g  d e o x y r ib o se  d e te rm in a t io n s  ( se e  T a b le  5). T h is  i s  in
** 1 -^*
a g re e m e n t w ith  th e  f a c t  th a t ,  w ith  in c re a s in g  body s iz e ,  
th e  p ro te in  c o n te n t of th e  th y ro id  g lan d  in c r e a s e s ,  w h e re a s  
th e  DNA co n te n t d im in is h e s  (se e  T a b le  6), and. . ag a in  
s u g g e s ts  th a t  p ro te in  (th y ro g lo b u lin ) is  th e  s o u r c e  of 
in te r f e r e n c e .
A sa m p le  of th y ro g lo b u lin  (4m g), p r e p a r e d  by th e  
m e th o d  of D e r r ie n  e t  a l i  (1948), w as s u b je c te d  to  th e  
p ro c e d u re  of F le c k  and  M u n ro  (1962) f o r  th e  p r e p a r a t io n  
of th e  DNA f r a c t io n ,  and  G e r io t t i  e s t im a tio n s  th e n  c a r r i e d  
ou t on s a m p le s  of th is  f r a c t io n .  T he a b s o rp tio n  s p e c tru m  of 
th e  c o lo u r  p ro d u c e d  by th e  th y ro g lo b u lin  e x t r a c t  w as  p lo tte d  
o v e r  th e  r a n g e  440-B20m}x (F ig . 11). F ig* 11 show s th a t  
th y ro g lo b u lin  g iv e s  a  c o lo u r  in  th e  G e r io t t i  r e a c t io n  w hich  is  
n o t c h lo ro fo x * m -e x tra c ta b le , and  w hich  a b s o rb s  a t  4 9 0m p . 
T h e re fo re  th y ro g lo b u lin  i s  p ro b ab ly  th e  s o u rc e  of in te r f e r e n c e  
d u rin g  th e  c o lo r im e tr ic  e s t im a tio n  of th y ro id  d e o x y rib o se  
co n te n t.
F u r th e r  ev id en ce  fo r  th is  w as o b ta in e d  w hen  th e  n u c le ic  
a c id s  of p u r if ie d  n u c le i f r o m  sh eep '-th y ro id  t i s s u e  ( se e  S e c tio n  II) 
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A b s o r p t i o n  s p e c t r u m  of  th e  c o l o u r  c o m p l e x  p r o d u c e d  by  
t h e  a c i d - p r e c i p i t a b l e  f r a c t i o n  o f  t h y r o g l o b u l i n  ( 2 m g .  p r o t e i n )  
i n  0 ,  l N “N a O H  w h e n  r e a c t e d  a c c o r d i n g  to  th e  p r o c e d u r e  of  
G e r i o t t i  ( 1 9 5 2 ) .
f 9'
n u c le a r  DNA fra c tio n s »  In  th is  c a s e ,  w h e re  th e r e  i s  no 
th y ro g lo b u U n  p ro te in  m a te r ia l  p r e s e n t ,  th e  d e o x y r ib o s e ’* 
in d o le  co m p lex  o b ta in e d  is  id e n tic a l  w ith  th a t  f r o m  p u r if ie d  
ca lf-’th y m u s  DNA (se e  F ig* 9). H o w ev er i t  i s  s t i l l  no t know n 
w h e th e r  th e  in te r f e r e n c e  d u rin g  d e o x y r ib o se  e s t im a tio n s  is  
c a u s e d  by th e  io d in e  o r  c a rb o h y d ra te  r e s id u e s  of th y ro g lo b u lin *  
W hen th y ro x in e  (Im g * ) w as  s u b je c te d  to  th e  G e r io t t i  p ro c e d u re ,  
i t  d id  no t g iv e  r i s e  to  any c o lo u r  co m p lex  a b s o rb in g  in  th e  
ra n g e  440*‘520mp,, su g g e s tin g  th a t  th e  io d in e  r e s id u e s  of 
th y ro x in e  a t th is  c o n c e n tra t io n  do n o t in t e r f e r e  in  th e  
G e r io t t i  r e a c t io n .
S e v e ra l  a t te m p ts  w e re  m ad e  to  e x p lo re  th e  in te r f e r e n c e  
due to  th y ro g lo b u lin *  A c c o rd in g  to  G e r io t t i  (1952), e s t im a tio n s  
of d e o x y r ib o se  can  be c a r r i e d  ou t on  s a m p le s  of w ho le  t i s s u e  
h o m o g e n a te  w ith o u t p r e p a r a t io n  of a  DNA e x tra c t*  D u p lic a te  
2 m l. s a m p le s  of a  1 in  20 h o m o g e n a te  of calf'**thyroid t i s s u e  
w e re  t r e a t e d  u n d e r  G e r io t t i  c o n d itio n s , e x c e p t th a t ,  in  one of 
th e  d u p lic a te s ,  1m l, w a te r  r e p la c e d  th e  in d o le . I t  w as found 
th a t  th e  s a m p le s  n o t r e a c te d  w ith  in d o le  g av e  a  y e llo w  co lo u r 
w h ich  w as n o t ch loroform ***extractab le and  w h ich  a b s o rb e d  a t
'76'
490mp, but with, no absorption poaKk in the range 440*'*S20m|A#
The tisauo a amples given the fuU Geriotti reaction with 
indole showed abnormal absorption spectra sim ilar to that 
Bhoxm  in Fig* 9# Tima on boiling with c o n e , liOl alone, 
some substance in thyroid tie sue reacts and produces a yellow 
c o lo u r  absorbing at 490mp.. This .might be possibly due to 
liberation ol iodine from thyroglobulin under the acidic 
conditions used. However thyroxine, on-boiling with cone*.
HCi under the conditions of the Ceriottl reaction, did not 
appear to give rise to m. colour complex which absorbed at 
490nip*
Duplicate samples of the DNA extracts of call thyroid 
prepared with and without lipid extraction wore then subjected 
to the Geriotti procedure, but with one ol the duplicates containing 
water in place o£ indole* The absorption spectra of the colour 
complexes produced were again plotted over the range 440**S20mp 
as shown In Fig# 12. It can be aeon that the samples heated in 
the absence ol Indole oontained material absorbing at 490mp 
but with no absorption peak in the range plotted* The extinction 










—Q  Ch—Q  Q - Q  p --------
P“—O——0"-“0 - —O— o — O^——O "—o — o
480440 520460 500
WAVELENGTH (nyu)
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A b s o r p t i o n  s p e c t r a  o f  v a r i o u s  D N A  s a m p l e s  t r e a t e d  
a c c o r d i n g  to  G e r i o t t i  (1 9 5 2 )  w i t h  o r  w i t h o u t  i n d o l e .  T h e  
s o l i d  l i n e s  r e p r e s e n t  th e  s a m p l e s  t r e a t e d  i n  t h e  p r e s e n c e  
of  i n d o l e  a n d  t h e  b r o k e n  l i n e s  t h o s e  t r e a t e d  i n  th e  a b s e n c e  
of  i n d o l e .  • ,  c a l f - t h y m u s  D N A  s t a n d a r d ;  o ,  c a l f - t h y x o i d  
D N A  f r a c t i o n ;  D , c a l f - t h y r o i d  D N A  f r a c t i o n  ( l i p i d - e x t r a c t e d ) .
lifiû ît  wmi th^n th #  it might bm
possible to im^  tho îtiteî?loroncc5 at preeumhbly
ém  to  tkyiroglohmllii# hy emWraotWg I t e  vmtm o l  th e  mbso^fptiom 
#t 49Cim|A éuo to the o ampler heated te the mhaewe ol tedoie- 
from thaee heated with indole* te Oi?dar to obtain aeen^ate 
estimates of deoxy$fiWae# However on B#W o#o#t tevostigation 
W e wme latmd to ho ntioaliafaotory* eteoe the absorption at 
49Qm.p, of those aontrol samples teoroaaed slowly on oxpoaora to 
air, probably ém  to oxidaiion* and It was diffioalt to treat all 
aamplOG ender Idontieal conditions*
Tims eolofimotrte estimations of deoxyribose on 
teyroM DNA Iraclion© Irom whole llasue are gonerally 
nnaaltelaetory ûm to the preaenoe of aeid^preoipilahle 
raalduea of Ihyroglobtilte oecnrrlng te the DNA fraotione* 
Whether the teterferonco la due to the iodine or carbohydrate 
reelduee of ihyraglobntte* or both, ia ailU not known.
Dotem%teation,ol  DNA hy--S?hosphqrue Estimation
Steco ealirâàilons of deoxyrlbome were enbjeat to 
teterforonoe, | |  was doolded to eatlmat# thyroid DNA 
phosphorus by meaoutteg the amount of phosphorus
o c c u r r in g  in  th e  DNA f r a c t io n s  fo llo w in g  l ip id  e x t r a c t io n ,  a  
p r o c e d u r e  w h ich  h a s  b ee n  found  to  p ro v id e  s a t i s f a c to r y  
e s t im a te s  of DNA c o n te n t in  o th e r  t i s s u e s  (H u tch iso n  and  
M u n ro , 1961)* T h is  m e th o d  g av e  m e a s u re m e n ts  o f th y ro id  
DNA c o n te n t w h ich  w e re  In  th e  sa m e  ra n g e  a s  th e  G e r io t t i  
v a lu e s  b u t ab o u t b*10% lo w e r  due to  th e  e n h a n c e d  v a lu e s  
o b ta in e d  by th e  c o lo r im e t r ic  reac tio n *  T h is  s u g g e s ts  th a t ,  
in  th e  DNA f r a c t io n s  of th e  th y ro id  g lan d , th e r e  c a n  be l i t t l e  
p h o sp h o p ro te in  re m a in in g  in  th e  DNA f r a c t io n ,  o th e rw is e  i t  
w ou ld  n o t be  p o s s ib le  to  e q u a te  th e  D N A -phosphox"us 
e s t im a te s  w ith  th o s e  o b ta in e d  by d e o x y r ib o se  a ssa y *
C o m m en t on  th e  P r e c i s io n  of N u c le ic  A c id  E s t im a tio n s  
T h e r e  a r e  s e v e r a l  r e q u ir e m e n ts  f o r  th e  a c c u r a te  
e s t im a t io n  of RNA by th e  Schm idt«*ThannhaxTser % )rocedure.
F i r s t ,  d u r in g  c o ld  a c id  p r e c ip i ta t io n  of th e  t i s s u e  c o n s t i tu e n ts ,  
th e  o p tim u m  c o n c e n tra t io n  of HCIO^ fo r  th is  p r e l im in a r y  s ta g e  
h a s  b ee n  show n by H a l l in  an  e t  a i .  (1963) to  foe 0* 2N* In  a d d itio n  
th is  c o n c e n tra t io n  of HCIO^ d o es  n o t h y d ro ly s e  R.NA a t  0*^
(O gur an d  R o s e n , 1950). M any a u th o rs  fo llo w  th is  w ith  
e x t r a c t io n  o f l i p i d s . T h a t l ip id  e x t ra c t io n  w as  a  h a z a r d  w as
f i r s t  d e m o n s tr a te d  by V e n k a ta ra m a n  (I9 6 0 ), an d  w a s  l a t e r
 ^ . ; . ■ “ \   ^
c o n f irm e d  w hen  i t  w as  show n th a t  e th an o l o r  a c e to n e  ap p lied
a f te r  a c id  p r e c ip i ta t io n  le d  to  c o n s id e ra b le  lo s s e s  of RNA
(H a llin an  e t  a l . , 1963)*
H o w e v e r , th e  c r i t i c a l  s ta g e  in  th e  S c h m id t-T h a n n h a u s e r
p ro c e d u re  i s  th a t  6 i  a lk a lin e  h y d ro ly s is .  P ro lo n g e d  a lk a lin e
d ig e s tio n  in  0 .3 N  o r  l.O N -K O H  o r  NaOH r e s u l t s  in  e x te n s iv e
e x t r a c t io n  of non-*RNA m a te r ia l  in  p a r t ic u la r  p o ly p e p tid e
w h ich  co u ld  fo r  e x a m p le  a c co u n t fo r  30-70%  of th e  u l t r a v io le t
a b s o rp tio n  of th e  a c id - s o lu b le  f r a c t io n  (De D e k e n -G re n so n
and  De D ek en , 1959; F le c k  and  M u n ro , 1962). S c o tt,
F r a c c a s to r o  an d  T a f t (1956) d e m o n s tra te d  th a t  h y d ro ly s is
w ith  1. ON a lk a l i  f o r  1 h r  . w as  su ff ic ie n t f o r  c o m p le te
e x t ra c t io n  of t i s s u e  RN A , T h is  h as  b ee n  c o n f irm e d  f o r  r a t -
l iv e r  t i s s u e  (F le c k  and  M u n ro , 1962) and  f o r  s e v e r a l  o th e r
t i s s u e s  an d  b a c te r ia *  and  i t  a p p e a rs  th a t h y d ro ly s is  f o r  1 hr*
a t 37*  ^ in  0 . 3 N -a lk a li  is  u s u a lly  s a t i s f a c to r y .  F r o m  th e  s tu d ie s
' Î
c a r r i e d  ou t on th y ro id  t i s s u e ,  i t  w as found  th a t  a  1 hr* d ig e s tio n
o
a t 37 in  0 .3 N -K O H  w as a ls o  su f f ic ie n t fo r  c o m p le te  e x tra c t io n  
of th y ro id  RNA*
H o w ev er th e  h y p e rc h ro m ie  e ffe c t a p p e a re d  to  be only  
abou t 96% c o m p le te  a t th is  t im e ,  in  c o n t r a s t  to  ra t. l iv e r  w h e re  
th e  e f fe c t w as  fu lly  d e v e lo p ed  .a fte r 1 hr* a lk a lin e  d igestion*
A lso , ev e n  w hen  th e  s h o r t  d ig e s tio n  p e r io d  w as u s e d , th e r e  
w as s t i l l  c o n s id e ra b le  c o n ta m in a tio n  of th e  th y ro id  a c id - s o lu b le
i IÎRNA f r a c t io n s  w ith  p o ly p e p tid e  m a te r ia l  u n lik e  r a t  l iv e r  w h e re  
th e  c o n ta m in a tio n  due to  p o ly p ep tid e  w a s  n e g lig ib le  * T h e  ; 
c o n ta m in a tin g  p o ly p e p tid e s  a r e  a lk a lin e  d ig e s tio n  p ro d u c ts  of 
th y ro g lo b u lin  w h ich  a r e  a c id - s o lu b le .  T h u s c o r r e c t io n s  fo r  
th is  s o u rc e  of e r r o r  h av e  to  be  m ad e  b e fo re  a c c u ra te  e s t im a te s  
of th y ro id  RNA co n ten t by u l t r a v io le t  a b s o rp tio n  m e a s u re m e n ts  
can  be o b ta in e d .
C o r r e c t io n s  m ay  be  m ad e  by d e te rm in a t io n  of th e  am o u n t 
of in te r f e r in g  p e p tid e  m a te r ia l  in  the^RNX' f r a c t io n s  by th e  m e th o d  
of L o w ry  e t a l .  (1951) p ro v id in g  a p u re  s a m p le  of p o ly p ep tid e  i s  
a v a ila b le  f o r  d i r e c t  c o m p a r is o n . A lthough  th e  m e th o d  Is 
s t r a ig h tfo r w a r d ,  th e  p o s s ib i l i ty  of em p lo y in g  a  m o re  r a p id  
p ro c e d u re  w as c o n s id e re d . T he p re s e n c e  of s ig n if ic a n t 
am o u n ts  of p o ly p ep tid e  in  acid-soluble*^RNA*‘f ra c t io n s  can  a ls o  
b e  d e te c te d  by comparing th e  ® 260m p
r a t io s  of th is  f r a c t io n  w ith  th o se  of p u r if ie d  t i s s u e  RNA*
W hen th e  s h o r te r  p e r io d  of a lk a lin e  d ig e s tio n  i s  em p lo y ed , 
in te r f e r e n c e  due to  p ro te in  is  n o t g r e a t ,  so  th a t  th e  c o n tr ib u tio n  
of p o ly p e p tid e  to  th e  a b s o rp tio n  a t  270*-280rap is  n o t u su a lly  
la r g e .  T he s e le c tio n  o f B32mp as  th e  se c o n d  w av e len g th  
g iv e s  a  c o n s id e ra b le  in c r e a s e  in  s e n s i t iv i ty  in  th e  d e te c tio n  
of p e p tid e  so  th a t  a c c u ra te  c o r r e c t io n s  m a y  b e  m a d e . I t  is  
e s s e n t ia l  to  u s e  a s  s ta n d a rd  th e  a p p ro p r ia te  t i s s u e  RNA 
b e c a u s e  th e  a b s o rp tio n  s p e c t r a  of th e  RNA of v s .r io u s  t i s s u e s  
f ro m  d if fe re n t  s p e c ie s  a r e  d if fe re n t (M ag a sa n ik , 1955;
F le c k  an d  M u n ro , 1962),
T h e  r e q u ir e m e n ts  f o r  th e  r e l ia b le  e s t im a tio n  of RNA 
by  th e  S c h m id t-T h a n n lia u s e r  p ro c e d u re  th u s  a r e ,  in  th e  
p r e l im in a r y  s ta g e s ,  th e  u s e  of O.BN'^HCIO^ a s  p r e c ip i ta n t  
and  th e  o m is s io n  of l ip id  s o lv e n ts ;  th e  u s e  of 1 h r ,  d ig e s tio n  
a t 37^ w ith  0 ,3 N -K O H ; a v a ila b il i ty  of a  p u re  s a m p le  of th e  
t i s s u e  RNA an d  th e  d e te rm in a t io n  of w h e th e r  in te r f e r e n c e  due 
to  p o ly p e p tid e  is  s ig n if ic a n t .  T o c o r r e c t  f o r  p o ly p e p tid e , a  
r e p r e s e n ta t iv e  s a m p le  of th e  in te r f e r in g  m a te r i a l  sh o u ld  be  
p r e p a r e d  an d  f ro m  th is  a  r a p id  and  a c c u ra te  tw o # w av e len g th
u l t r a v io le t  a b s o rp tio n  p ro c e d u re  can  be d ev e lo p ed .
M e a s u re m e n ts  of th y ro id  DNA w e re  c a r r i e d  ou t on th e  
DNA f ra c t io n s  p r e p a r e d  by th e  m o d if ie d  v S ch m id t-T h an n h au ser 
p ro c e d u re  by e s t im a tio n  of d e o x y rib o se  o r  p h o sp h o ru s  
p ro v id e d  re m o v a l of p h o sp h o lip id s  h ad  b e e n  c a r r i e d  o u t. F r o m  
th e  re v ie w  of H u tc h iso n  and  M u n ro  (1961) i t  w o u ld  a p p e a r  th a t  
th e  tw o p ro c e d u re s  w h ich  a r e  m o s t  s a t is f a c to ry  f o r  e s t im a tio n  
of d e o x y r ib o se  a r e  th e  c o lo r im e tr ic  m e th o d s  of G e r io t t i  (1952) 
and of B u r to n  ( 1956), H o w ev er bo th  th e s e  m e th o d s  a r e  su b je c t 
to  in te r f e r e i tc e  f ro m  o th e r  t i s s u e  co m p o n en ts  o c c u r r in g  in  th e  
DNA f r a c t io n s ,
I t  w as  found  f ro m  s tu d ie s  of th e  a b s o rp tio n  s p e c t r a  of 
th e  c o lo u r  co m p le x e s  p ro d u c e d  in  th e  G e r io t t i  r e a c t io n  th a t  
th e  s p e c t r a  of th e  th y ro id  t i s s u e  sm n p le s  w e re  no t id e n tic a l  
w ith  th a t  of a  s a m p le  of p u r if ie d  DNA due to  th e  p r e s e n c e  of 
so m e  in te r f e r in g  f a c to r  p r e s e n t  in  th e  th y ro id  DNA f r a c t io n s .  
T h u s m e a s u r e m e n ts  of DNA by d e o x y rib o se  e s t im a tio n  a r e  
in a c c u r a te  due to  th is  s o u rc e  of in te r f e r e n c e .  A tte m p ts  to  
re m o v e  th e  c o n ta m in a tin g  m a te r ia l  o r  a l t e r  th e  m e th o d  of 
d e o x y r ib o se  a s s a y  w e re  h o t s u c c e s s fu l ,  and  an  a l te rn a t iv e
m e a n s  of e s t im a tin g  th y ro id  DNA w as e m p lo y e d .
E s tim a te s  of th e  p h o sp h o ru s  co n ten t of th e  l ip id -  
e x t r a c te d  DNA f ra c t io n s  w e re  th e n  c a r r i e d  o u t (A llen , 1940), 
T h is  m e th o d  h a s  p ro v e d  s a t i s f a c to ry  in  s e v e r a l  o th e r  t i s s u e s  
(H u tch iso n  and  M u n ro , 1961), bu t e r r o r s  co u ld  a r i s e  if  th e  
t i s s u e  u n d e r  in v e s tig a tio n  c o n ta in e d  s ig n if ic a n t am o u n ts  of 
p h o sp h o p ro te in  th e  p h o sp h o ru s  of w h ich  i s  n o t a c id -  o r  
lipid**soluble th e re b y  in c re a s in g  th e  p h o sp h o ru s  co n ten t of 
th e  DNA fra c tio n #  H o w e v e r , f o r  th y ro id  t i s s u e ,  th e  v a lu e s  
o b ta in e d  by p h o sp h o ru s  m e a s u r e m e n t  w e re  in  th e  sa m e  ra n g e  
a s  th o s e  o b ta in e d  by m e a s u r e m e n t  of d e o x y r ib o s e , an d  th u s  
e r r o r s  a r is in g  f ro m  th is  s o u rc e  a r e  n o t s ig n ific an t*  T h e r e f o re ,  
w hen  m e a s u r e m e n ts  of t i s s u e  DNA a r e  b e in g  c a r r i e d  o u t, 
c o m p a r is o n s  of th e  r e s u l t s  o b ta in ed  u s in g  d if fe re n t  p r o c e d u r e s ,  
e ,g ,  by e s t im a tio n s  of d e o x y r ib o se  and  p h o s p h o ru s , sh o u ld  be 
m a d e  to  e n s u re  th a t  o th e r  t i s s u e  co m p o n en ts  p r e s e n t  in  th e  
DNA f r a c t io n s  a r e  n o t c o n tr ib u tin g  to  th e  v a lu e s  obtained 
d u rin g  th e  a ssa y s*
T h y ro id  C o m p o s itio n  and  Body S iz e  
T h e  m e th o d s  d ev e lo p ed  above w e re  th e n  a p p lie d  to  
a n a ly s is  of th e  th y ro id  g lan d s  of v a r io u s  m a m m a ls*  T ab le  
6 d is p la y s  th e  a n a ly t ic a l  d a ta  o b ta in e d  on  th e  th y ro id  g lan d s  
of m a m m a ls  ra n g in g  in  w e ig h t f ro m  200gt,(i'ats) to  400kg,
(cows)* W ith in c re a s in g  body size*  th e  com%3osition of the  g lan d  
u n d e rg o e s  p r o g r e s s iv e  changes*  T he p e rc e n ta g e  of j^ ro te in  in  
th e  t i s s u e  in c r e a s e s  c o n s id e ra b ly  w ith  in c r e a s e  in  body s iz e ,  
w h e re a s  th e  p ro p o r t io n  of th e  o th e r  c o n s ti tu e n ts  d im in is h e s ,  
e s p e c ia l ly  th a t  of RHA*
In  o r d e r  to  o b ta in  e q u a tio n s  d e s c r ib in g  th e  e f fe c t of 
body s iz e  on th y ro id  com%)08itio n , th e  lo g a r i th m s  of th e  
am o u n ts  of e a c h  th y ro id  constituent* : w e re  p lo tte d  a g a in s t  th e  
lo g a r i th m s  of body  w e ig h t (Fig* 13); the  d a ta  f o r  m a n  w e re  n o t 
u s e d  fo r  th is  p u rp o s e  s in c e  only  one h u m an  g la n d  h a d  b een  
a n a ly s e d . In  th e  cq.se of e a ch  th y ro id  c o n s ti tu e n t,  th e  d a ta  
a f te r  lo g ax d th m ic  t r a n s f o r m a t io n  can  be f i t te d  to  a  s t r a ig h t  
l in e  r e la t io n s h ip  an d  a rb  th u s  s u s c e p tib le  to  d e s c r ip t io n  by a  
x"O gression eq u a tio n  su c h  a s  Bx^ody (1945) h a s  u s e d  fo r  r e la t in g  
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R e g r e s s i o n  l i n e s  s h o w i n g  t h e  c o n c e n t r a t i o n  o f  t h y r o i d  p r o t e i n ,  D N A ,  
R N A  an d  p h o s p h o l i p i d  i n  r e l a t i o n  to  t h e  b o d y  w e i g h t  o f  d i f f e r e n t  
m a m m a l s .
lo g  S "  lo g  a  4 % log  W ,  w h e re  S is  th e  su b s ta n c e  m e a s u r e d ,  
a  i s  a  c o n s ta n t,  W  i s  th e  body w e ig h t, and  i s  th e  s lo p e  of 
th e  lin e  r e la t in g  log  S to  log  W* W hen t r a n s c r ib e d  in to  th e  
a r i th m e t ic  fo rm , th e  eq u a tio n  b e c o m e s  S « aW , T he 
e q u a tio n s  of th e  s lo p e s  of th e  l in e s ,  w ith  s ta n d a rd  e r r o r s  of 
th e  e s t im a te s  of th e  m e a n  v a lu e s ,  r e la t in g  th e  th y ro id  
c o n s ti tu e n ts  to  body w e ig h t in  kg. a r e  show n in  T a b le  7 
(co lu m n  1), P r o te in  is  e s^ p re ssed  in  t e r m s  of g./ lOOg. th y ro id  
\ g la n d , w h e re a s  RM A , DMA an d  p h o sp h o lip id  a r e  e x p r e s s e d  as 
m gJ  lOOg. th y ro id  g la n d . F o llo w in g  s t a t i s t i c a l  a n a ly s is  of th e  
d a ta  o b ta in e d  f ro m  in d iv id u a l a n im a ls  (T a b le  6) by a n a ly s is  
of v a r ia n c e  in  a  tw o -w ay  c la s s i f ic a t io n ,  th e  r e s u l t s  in  F ig* 13 
and  T a b le  7 s h o w ‘th a t body s iz e  h a s  a  s ig n if ic a n t e f fe c t on 
p ro te in  c o n c e n tra t io n , RMA c o n c e n tra t io n  and  p h o sp h o lip id  
c o n c e n tra t io n  (P < 0 ,0 1 )j bu t n o t on DMA c o n c e n tra t io n . T he 
e q u a tio n s  in  T a b le  ? c o n f irm  th a t  p ro te in  c o n c e n tra t io n  in  th e  
g lan d  in c r e a s e s  w ith  body s iz e  a s  show n by th e  p o s it iv e
q x p o n en t of body w e ig h t (fO . 123), w h e re a s  th e  o th e r
\
c o n s ti tu e n ts  d im in is h  and  th u s  h av e  n e g a tiv e  ex p o n en ts  
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F r o m  e x a m in a tio n  of an  e x te n s iv e  ra n g e  of m a m m a ls ,  
B ro d y  (1945) fo u n d  th a t  th e  w eig h t of th e  th y ro id  g lan d  v a r ie s  
a s  th e  0 , 928 p o w er of body  w e ig h t. D a ta  f o r  th e  r e la t io n s h ip  
of th y ro id  w e ig h t to  body s iz e  of th e  a n im a ls  u s e d  in  th e  
a n a ly t ic a l  e x p e r im e n ts  a r e  show n in  T a b le  8, F r o m  o u r  ' 
r e s u l t s  th y ro id  w e ig h t w as  found  to  v a ry  a s  th e  1 .0 9  p o w er 
of body w e ig h t. H o w ev er th is  r e la t io n s h ip  is  b a s e d  on fe w e r  
a n im a ls  and  a  s m a lle r  ra n g e  of s p e c ie s  th a n  B ro d y  e x a m in e d , 
and  in d e e d  th e  v a lu e  (1 .0 9 ) m ay  no t be  s ig n if ic a n tly  d if fe re n t 
f ro m  th e  v a lu e  of B rody^s ex p o n en t (0. 928). In  c o n se q u e n c e , 
th e  v a lu e  (0 .9 2 8 ) w ill be a c c e p te d  a s  a  m o re  a c c u ra te  
e v a lu a tio n  of th e  r e la t io n s h ip  of th y ro id  s iz e  to  body w e ig h t.
U sin g  B ro d y 's  eq u a tio n  re la t in g  th y ro id  w e ig h t to  body 
s iz e ,  w e c a n  co m p u te  th e  e f fe c t of body w e ig h t on  th e  to ta l  
am o u n t of e a c h  c o n s titu e n t of th e  g lan d  by co m b in in g  th e  
ex p o n en t 0 .9 2 8  w ith  th e  r e la t io n s h ip s  show n in  F ig .  13 and  
T a b le  7 (co lu m n  1) f o r  th e  in d iv id u a l c h e m ic a l co m p o n en ts  of 
th e  g la n d . T h e  d e r iv e d  e q u a tio n s  fo r  th e  to ta l  a m o u n ts  of 
th y ro id  c o n s ti tu e n ts  p e r  kg^ body w eig h t a r e  show n in  T a b le  7 
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F ig .  14 ■
R e g r e s s i o n  l i n e s  s h o w i n g  t h e  t o t a l  q u a n t i t i e s / k g .  b o d y  w e i g h t  f o r  p r o t e i n ,
D N A ,  R N A  and  p h o s p h o l i p i d  i n  th e  t h y r o i d  g l a n d s  o f  d i f f e r e n t  m a m m a l s .
2
N o t e :  -  O r d i n a t e s  s h o w  th e  v a l u e s  x  10 f o r  th e  t o t a l  q u a n t i t i e s  of  
p r o t e i n  ( g . )  and  D N A ,  R N A  and  p h o s p h o l i p i d  ( m g . ) .
T h e s e  c a îc iîla tio iis  show  th a t  th e  r e la t iv e ly  s m a ll
0 ,9 2 3s ia e  of th e  th y ro id  g lan d  in  la rg e  m a m m a ls  (W ' ) i s
o f fs e t by th e  in c r e a s e  of p ro te in  {W^* so  th a t ,  o v e r  th e
ra n g e  of m a m m a ls  s tu d ie d , th e  to ta l  am o u n t of p ro te in  in
/  1* 0Üth e  th y ro id  g lan d  p a ra d le ls  body w eig h t (W * )• C o n seq u en tly
th e  am o u n t of th y ro id  p ro te in  p e r  kgs body w e ig h t d o es  no t 
d im in is h  w ith  in c re a s in g  body s iz e  ( F ig /  14), On th e  o th e r  
h an d , th is  p ic tu re  d o es  n o t app ly  to  th e  to ta l  am o u n ts  of 
th e  o th e r  th y ro id  c o n s ti tu e n ts  w h ich  a r e  p ro p o r t io n a te ly  
re d u c e d  in  th e  l a r g e r  s p e c ie s  (F ig , 14), and  a r e  th e r e fo r e  
r e la te d  to  body w e ig h t by ex p o n en ts  le s s  th a n  u n ity
In  th e  c a s e  of DNA, th is  m e a n s  th a t  l a r g e r  m a m m a ls  
h av e  fe w e r  th y ro id  c e l ls  r e la t iv e  to  th e i r  body w e ig h t, s in c e  
a l l  m a m m a ls  h av e  th e  s a m e  am o u n t of DNA p a r  c e l l ,  e x c e p t 
fo r  th e  o c c u r r e n c e  of p o ly p lo id y  in  siich  c a s e s  a s  r a t  and  m o u se  
l iv e r  (V e n d re ly , 1955), C o n seq u en tly  w e c a n  u s e  DNA a s  a  
m e a s u r e  of c e ll  n u m b e r  in  o r d e r  to  e x p r e s s  th e  am o u n ts  of 
th e  o th e r  th y ro id  c o n s ti tu e n ts  on a  c e ll  b a s is*  T a b le  9 
show s th e  am o u n ts  of th e  v a r io u s  th y ro id  c o n s t i tu e n ts  p e r  u n it
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of DNA and  i t  c an  be s e e n , th a t ,  o v e r  th e  ra n g e  of m a m m a ls  
s tu d ie d , th e  am o u n t of p ro te in  in  th e  g la n d  p e r  th y ro id  c e l l  
i n c r e a s e s  4 |- tim es*  w h e re a s  th e  am oun t of RNA in  th e  c e ll  
d e c r e a s e s  to  half* S ta t i s t ic a l  a n a ly s is  of th e  d a ta  w as  c a r r i e d  
o u t by a n a ly s is  of v a r ia n c e ,  an d  i t  w as show n th a t  th e r e  w as a  
s ig n if ic a n t r é g r e s s io n  of p ro te in  p e r  m g , DNA on body w eig h t 
(p<0* 01), and  of RNA p a r  mg* DNA on body w e ig h t (P < 0 .0 2 ) , 
b u t n o t of p h o sp h o lip id  p e r  m g , DHA on body w eight*
' T h e  s ig n if ic a n c e  of th e s e  f in d in g s  m u s t  be  r e la te d  to  
th e  m o rp h o lo g ic a l a p p e a ra n c e  of th e  th y ro id  g la n d  in  v a r io u s  
m a m m a ls*  F r o m  h is to lo g ic a l  s tu d ie s  m a d e  on a  v a r ie ty  of 
m a m m a ls  ( T e i s s i e r ,  1939), th e r e  is  no e v id e n c e  of any r e la t io n s h ip  
of th y ro id  c e ll  d im e n s io n s  to  body s iz e ,  and  th u s  i t  s e e m s  
u n lik e ly  th a t  th e  c o n s id e ra b le  in c r e a s e  in  p r o te in  co n ten t in  
th e  l a r g e r  m a m m a ls  c a n  b e  due to  th e  p r e s e n c e  of m o re  
p r o te in  in  th e  c y to p la s m  of th e  th y ro id  c e l l s .  O n th e  o th e r  
h a n d , m e a s u r e m e n ts  of th y ro id  fo ll ic le  d im e n s io n s  in  a  ra n g e  
of m a m m a ls  h a s  d e m o n s tr a te d  a  c o n s is te n t  e n la rg e m e n t of 
th e  v e s ic le s  a s  s p e c ie s  s iz e  in c r e a s e s  (Y ag izaw a , 1956), and  
a  s im i la r  r e la t io n s h ip  of fo l l ic le  s iz e  to  body  w e ig h t h a s  b e e n
o b s e rv e d  in  b ird s  (Y am am o to , 1959)* Y ag iaaw a*s d a ta  a r e  
re p ro d u c e d  in  T a b le  9, and  show  th a t  h is  r e p o r te d  in c r e a s e  
in  m a m m a lia n  fo l l ic le  s iz e  in  l a r g e r  m a m m a ls  c o r r e la te s  
c lo se ly  w ith  th e  a .ccu m u la tio n  of p ro te in  in  th e  g la n d . T h is  
le a d s  to  th e  c o n c lu s io n  th a t  th e  e x t r a  p ro te in  p e r  u n it of 
DNA o b s e rv e d  in  th e  l a r g e r  m a m m a ls  is  in  f a c t ’ s to r e d  in  th e
e n la rg e d  f o l l ic le s .
■ ■ ' ; : ■ ■ ■ • . . . . ■ ■ . ■ ' • - . .
In  p re s e n tin g  th is  g e n e ra l  p ic tu re  of s ig n if ic a n t 
ch an g es  in  th y ro id  g lan d  c o m p o s itio n  w ith  body s iz e ,  i t  
i s  im p o r ta n t  to  p o in t ou t th a t  in d iv id u a l s p e c ie s  m ay  no t 
n e c e s s a r i ly  f i t  c lo s e ly  to  th e  gene  rad p a t te rn  d e s c r ib e d  ab o v e . 
In  p a r t i c u la r ,  p u b lish e d  c o m p ila tio n s  (B ro d y , 1945; S p e c to r , 
19S6a; D ong, 1961) of th y ro id  w e ig h ts  in  d if fe re n t  s p e c ie s  
show  th a t  th e  h u m a n  th y ro id  i s  e x c e p tio n a lly  la r g e  in  r e la t io n  
to  body w e ig h t. T h y ro id  s iz e  w ill a lso  be a f fe c te d  by d ie t, 
p a r t ic u la r ly  by io d in e  u p ta k e ; w e m u s t a s s u m e  th a t  th e s e  
e f fe c ts  a r e  ra n d o m  in  th e  m a m m a lia n  s e r i e s  s tu d ie d .
G e n e ra l  S ig n if ic a n c e  of th e  C h an g es in  T h y ro id  C o m p o sitio n
M a m m a lia n  m e ta b o lic  p r o c e s s e s  a r e  a f fe c te d  to  a  
c o n s id e ra b le  e x te n t by th e  s iz e  of th e  a n im a l . B o th  e n e rg y
m e ta b o l is m  (B ro d y , 1945) and  p ro te in  m e ta b o l is m  (M unro ,
1964) d im in is h  in  in te n s i ty  w ith  in c re a s in g  body  s iz e ,  e a c h
bein g  r e la te d  to  ap p ro x te x a te ly  th e  0 , t  p o w er of body w e ig h t.
I t  m ig h t th e r e f o r e  be e x p e c te d  th a t  e n d o c iim o rg a n s
re g n la t in g 'în e ta b o U s m  w ou ld  be m u ch  s m a l l e r  in  pro%)0%*tion
to  body w e ig h t in  th e  l a r g e r  m a m m a ls#  Aa B ro d y  (1945) h a s
0« Tshow n, th is  p r e d ic te d  r e la t io n s h ip  (W " ) o f 'e n d o c r in e  s iz e  
to  body wfeight i s  n e a r ly  fh lf i l le d  in  th e  c a s e  o f-the  p i tu i ta ry  
g la n d  (W^* ^^^) an d  of th e  a d re n a l  g la n d  (w’^V*^^^), O n th e  
o th e r  h a n d , th e  m a s s  of th e  th y ro id  g lan d  r e la t iv e  to  body 
w e ig h t w as  found  by B ro d y  (1945) to  be m u c h -lo se  in f lu e n c e d  
by body s i z e ,  th e  r e la t io n s h ip  b e in g  to  th e  0* 9^8 p o w e r of 
body w e ig h t.
T h e  a n a ly s is  of th y r o id  c o m p o s itio n  c a r r i e d  ou t show s 
th a t  th e  in d iv id u a l c h e m ic a l co m p o n en ts  of th e  g la n d  do n o t 
s h a r e  e q u a lly  in  th is  r e la t io n s h ip  of th y ro id  m a s s  to  body 
w eight* -The to ta l  am o u n t of one m a jo r  th y ro id  c o n s ti tu e n t,  
p ro te in , r e m a in s  a  c o n s ta n t p ro p o r tio n  (w^'*^'^) .of body w e ig h t 
o v e r  th e  ra n g e  of m a m m a ls , '^ h e r e a s  th e  to ta l  q u a n ti t ie s  of 
th e  o th e r  th y ro id  c o n s ti tu e n ts  m e a s u re d  b e c o m e  l e s s  in  
p ro p o r t io n  to  body w e ig h t a s  th e  s iz e  of th e  m a m m a l in c r e a s e s
(Fig. 14). F roxTx hictok>gicai widenaé (T eissier, 1939; 
Y^qgizawa, 1956), it is  apparent that this differential effect 
is achieved by a change in the ratio of ceils to coil old, the 
larger mammais Iwmng Mgger foilicleB with proportionatciy 
fewer coll a in relation to colloid, Tima the larger mammals 
XTxaintain a constant ralationship between the aitiotmt of protein 
in the thyroid gland and body weight by more extonaive-storage 
of p^'otein (thyroglolmUxii),
There is  an analogy botwecnx this picture of a call 
po'pxdation that becomes proportionately smaller as body size  
increaDeo while maintaining art extracellular pool of proteixx 
that is constant in relatioxi to body cizo and the relationship), 
among different xnammals, of the oizo of the liver to, its 
extracellular secretion the plasma proteins. Over tlxe range 
of mammals, Hvor mass increases loss rapidly than body 
weight whoroas the volume of pdasma -dot unit of body
weight and its protein content are not cyxd'.oimatically inflixonccd 
by species size (Spector, 1956b), J/rroDpoctlve of liver size* 
snammals maintarn the same amoxmt of plasma protein per 
unit,of body yjroightf- and the larger species achieve this by a
re d u c tio n  in  r a te  of tx im ovor*  Mxmro and  B ow nio  (1964) 
sh o w ed  th a t  th is  red u c tio n , in  the  in te n s ity  of p la s m a  a lb u m in  
s y u th e a is  an d  b rea k d o w n  by l a r g e r  m ax m n als  c o in c id e s  w ith  a  
s m a l l e r  am o u n t of RNA p e r  ixnit of DHA in  th e  l i v e r  c e l l ,  a  no t 
txnexpected  fin d in g  s in c e  liH A  i s  c o n c e rn e tl w ith  p ro te in  sy n th e s is*  
L ik e  th e  l i v e r ,  the  thyicoid g la n d s  of th e  l a r g e r  BxammaXs a ls o  
c o n ta in  l e s s  RHA p e r  im it o f DHA (T ab le  9), m id i t  iù  th u s  
lik e ly  th a t  th e  tu r n o v e r  of th y ro id  p ro te in  i s  d o w e r  in  largcu* 
than, in  s m a l l e r  s p e c ie s  of m am m al*  A t p ro o e n t,  h o w e v e r, 
th e r e  i s  no  p u b lish e d  d a ta  a v a ila b le  on th e  r a t e  o f s y n th e s is  




i* In v e s tig a tio n s  h av e  b ee n  c a r r i e d  ou t on th e  a p p lic a tio n  
of s ta n d a rd  m e th o d s  fo r  th e  e s t im a tio n  of n u c le ic  a c id s  to  th y ro id  
tis su e *  T h e  p r e s e n c e  of th y ro g lo b u lin  gave r io e  to  c e r ta in  e r r o r s  
n o t e n c o u n te re d  in  o th e r  m a m m a lia n  t io a u o s , a n d  m o d if ie d  
a n a ly t ic a l  p ro c e d u re s  w e re  th e re fo r .e  d e v is e d , In  a tte m p te  
to  e s t im a te  RHA in  s  am p le  a of thyx^oid t i s s u e  by  a  m o d if ie d  
Bcîhm idt-N'Thannhausntr m e th o d  u s in g  u l t r a v io le t  a b s o rp tio n
îxmamirêmcnte folIowlBg.a ■digestion in  O-s'SN^alkali,
Interference éno to the presence of polypeptide material- 
was encountered aad a two^-wavaiongth oorreoiiom procedure was 
dévisod- which'elim inatee o rra ro  from  this source, D o o x y rih o so  
estim ations w ere 'ca rried  out, using- various procedures, on 
•thyroid DNA fractions prepared using-the modified Schmidt^- 
Thannhauaer method, but Word #und to bo unsatisfactory due 
to in terference from  alkalino hydrolysis products of thyroglobuUn 
p re e o n t  In  th o s e  DNA f r a c t io n s ,  DMA w as th e r e f o r e  m e a s u re d  
by estim ation of DMA phosphoruè m lipid*e«traetod' DNA fractions » 
2# With increasing size of mam m al, the concentration of 
protein in the thyroid gland increases, whex/eas there is a 
diminution in the concentration of EHA and, to a email or extent, 
of DMA and phospholipid. T hese findings can he correlated  
with an incroaac in follicle size in, larger mammalc, which 
resu lts ill m ore colloid in proportion to the mimb-ar of celle* 
Calculations made from the data show that the amount of- protein 
in  the thyroid glands 'of various mammals is  maintained, at a  
constant pro%)Ortion of body weight* However, the number of 
cells in the thyroid gland does not increase  in paralle l with the
/ - X '
s iz e  of th e  s p e c ie s ,  and  th e  l a r g e r  m a m m a ls  a ls o  h av e  l e s s  
RNA p e r  c e l l .  T h e s e  o b s e rv a tio n s  su g g e s t tha,t th e  tu rn o v e r  
of p ro te in  in  th e  th y ro id  g la n d s  of l a r g e r  m a m m a ls  m ay  be 
l e s s  r a p id  th a n  in  s m a l le r  m a m m a ls .
SECTION XI
S tu d ie s  of th e  A c tio n  of TSH on RNA an d  
P r o te in  M e ta b o lism  in  th e  T h y ro id  G lan d
IN TR O D U C TIO N
P ro lo n g e d  a d m in is t r a t io n  of TSH an  in c r e a s e
in  th e  RNA c o n te n t of th e  th y ro id  g lan d  fo llo w ed  by an  
in c re m e n t  in  DNA c o n te n t due to  c e l l  m u lt ip l ic a t io n  
(M ato v in o v ic  and  V ic k e ry i 1959# E k h o lm  and  P a n t ic ,  1963).
U sin g  c a lf  ""thyroid  s l i c e s .  H a il (1963) d e m o n s tr a te d  that'uTSH
14in c r e a s e d  th e  u p ta k e  of ( C) fo rm a te  by th e  p u r in e  b a s e s  of 
t i s s u e  RNA and  a ls o  in c r e a s e d  th e  in c o rp o ra t io n  of (^^C) 
ad en in e  in to  t i s s u e  RNA a f te r  in c u b a tio n  fo r  3 hr*  and  he  
a t t r ib u te d  th is  e f fe c t to  s t im u la t io n  of s y n th e s is  of p u r in e  
r ib o n u c le o tid e s  c a u s e d  by g r e a t e r  fo rm a tio n  of r ib o s e  in  th e  
p r e s e n c e  of TSH . H o w e v e r , no in v e s t ig a t io n s  h a d  b e e n  
c a r r i e d  ou t on th is  e f fe c t of TSH a t t im e s  e a r l i e r  th a n  3 h r .  
o r  on th e  n a tu re  of th e  sub  c e l lu la r  co m p o n en ts  and  th e  s p e c ie s  
of RNA in v o lv e d  in  th is  p r o c e s s .  T h e r e f o re  e x p e r im e n ts  w e re  
c a r r i e d  ou t to  ex a m in e  th is  e f fe c t in  g r e a t e r  d e ta i l ,  p a r t ic u la r ly  
th e  se q u e n c e  of ev e n ts  a t v a r io u s  t im e  in te r v a ls  d u rin g  
in c u b a tio n .
M any s tu d ie s  on th e  a c tio n s  of v a r io u s  h o rm o n e s  on th e  
n u c le ic  a c id  m e ta b o lis m  of th e i r  t a r g e t  o rg a n s  h av e  b een  c a r r i e d
-  9 b -
o u t u s in g  e i th e r  in  v iyo  o r  in  v i t r o  e x p e r im e n ts  on n o rm a l 
la b o ra to ry  a n im a ls  su ch  a s  r a t s  o r  r a b b i t s . H o w e v e r , in  th e  e a s e  
of th e  th y ro id  g lan d , th is  i s  n o t fe a s ib le  s in c e  th e  th y ro id  g lan d s  
of th e s e  a n im a ls  a r e  to o  s m a ll  fo r  d e ta ile d  in v e s t ig a t io n s  of 
th is  n a tu re  a s  show n by  th e  d a ta  o b ta in ed  f ro m  th e  s p e c ie s  
a n a ly s is  in  T a b le  6 . T h u s  s tu d ie s  h ad  to  be c a r r i e d  out in  v i t ro  
u s in g  th y ro id  t i s s u e  o b ta in e d  f ro m  l a r g e r  m a m m a ls ,  in  th is  
' c a s e  s h e e p . T h is  h o w e v e r  le a d s  to  f u r th e r  d i f f ic u l t ie s .  F o r  
e x a m p le , a n im a l v a r ia t io n  i s  g r e a t  s in c e  th e  a n im a ls  a r e  no t 
m a in ta in e d  u n d e r  s ta n d a rd  c o n d itio n s , p a r t ic u la r ly  w ith  
r e s p e c t  to  d ie t and  te m p e r a tu r e .  T he a c tiv i ty  of th e  th y ro id  
g lan d  i s  a f fe c te d  by io d in e  in ta k e  and by th e  p r e s e n c e  of 
g o itro g e n s  in  fo o d s tu ffs  an d  i s  a lso  s t im u la te d  d u rin g  co ld  
w e a th e r .  A n o th e r  d iff icu lty  a r o s e  due to  th e  u n av o id ab le  t im e - la g  
a f te r  k ill in g  an d  re m o v a l of th e  g lan d s  and  b e fo re  th e  t i s s u e  
w as f r a c t io n a te d  fo r  in  v i t r o  a s s a y s .  In  so m e  c a s e s  th is  le d  
to Jthe f a i lu r e  of th e  e x p e r im e n ts  s in c e , a lth o u g h  th e  g lan d s 
w e re  c h i l le d  a s  q u ick ly  a s  p o s s ib le  a f te r  r e m o v a l  f ro m  th e  
a n im a ls ,  a  v a r ia b le  d e g re e  o f a u to ly tic  a c t iv i ty , p a r t ic u la r ly  
d e g ra d a tio n  of RNA, w as found  to  o c c u r  d u rin g  th is  t im e  in te rv a l .
tT h e s e  e f fe c ts  r e s u l te d  in  g r e a t  v a r ia t io n s  in  a c tiv i ty  of 
d if fe re n t th y ro id  t i s s u e  p r e p a r a t io n s .  T h e  r e s u l t s  o b ta in ed  
f ro m  th e s e  e x p e r im e n ts  on the  e ffe c t of TSH on th y ro id  RNA 
m e ta b o l is m  u s in g  t i s s u e  s l i c e s  and  p u r if ie d  n u c le i  f ro m  s h e e p -  
th y ro id  g lan d s  a r e  d e s c r ib e d  in  th e  fo llow ing  s e c t io n .
/  V
M A TERIA LS AND METHODS
C h e m ic a ls  u s e d
(8 -^^C ) ad en in e  su lp h a te  (31, 3 m c /m -m o le )  and
(1 -^^C ) D L -le u c in e  (36*4 m c /m -m o le )  w o re  o b ta in e d  f ro m
T h e  R a d io c h e m ic a l C e n tre ,  A m e r  sh a m , B u c k s , A T P , C T P ,
C?TP and  U T P  and  c r y s ta l l in e  bov ine  p a n c re a t ic  D N ase  I w e re
f ro m  th e  S ig m a  C h e m ic a l C o , ,  St* L o u is , M o ,,  U .S .A .
TSH , '* th y tro p a r” w as f ro m  th e  A rm o u r  P h a r m a c e u t ic a l  Go. ,
I l l in o is ,  P u ro m y c in  in  th e  fo rm  of th e  d ih y d ro c h lo r id e  w as
f ro m  th e  N u tr i t io n a l B io ch em . C o r p . , C le v e la n d , O h io , and
a c tin o m y c in  D w as  a  g ift f ro m  M e s s r s ,  M e rc k , S h a rp e  and
32D ohm e I n c , , R ahw ay , N . J .  ( P ) U T P  la b e l le d  in  th e
p h o sp h o r  u s  a to m  w as a  g if t f ro m  D r . R M .8* S m e ll ie ,  and
( P ) U T P  la b e lle d  in  th e  -p h o sp h o ru s  a to m s  w as  o b ta in e d
f ro m  S c h w a rz  B iochem . I n c , , O ra n g e b u rg , N . Y .
E x p e r im e n ts  on T is s u e  S lic e s
P r e p a r a t io n  of T h y ro id  S lic e s  and  
In c u b a tio n  C o n d itio n s
T h y ro id  g la n d s  w e re  e x c is e d  f ro m  sh e e p  a s  soon  a s
p o s s ib le  a f te r  k ill in g  a t th e  lo c a l  a b a tto ir  and  t r a n s p o r te d  to  th e
-vv-
la b o ra to ry  in  i c e .  A ll e x tra n e o u s  t iô su e  w as th e n  re m o v e d  /  
and  s l ic e s  of th y ro id  t i s s u e  p r e p a r e d  u s in g  a  c h i l le ^  M c llw ain  
ch o p p e r  (M cllw a in  and  B u d d ie , 1953).
.S h e é p - th y ro id  s l ic e s  (abou t 400rhg) W ere  su sp e n d e d  in  
K r e b s - R in g e r  p h o sp h a te  b u ffe r  pH  7 .4  (U m b re ity  B u r r is  
and  S ta u f fe r , 1957) co n ta in in g  g lu c o se  ( Im g./ m l) and  an  am ino  
a c ic h m ix tu re  (È a g le , 1959) to g e th e r  w ith  p e iiic ilU n  (100 u n i ts /m l)  
to  e l im in a te  b a c te r ia l  g ro w th  d u rin g  in c u b a tio n . (8 -  G) ad en in e  
(5pc) w as  ad d ed  to  a l l  s a m p le s  an d  TSH to  th e  t e s t  s a m p le s  to
g iv e  a  f in a l c o n c e n tra t io n  of 0 .1  i* u ./m L in c u b a t io n  m e d iu m .
■ o ■ ■In c u b a tio n s  w e re  th e n  c a r r i e d  out a t  37 w ith  co n tin u o u s  sh ak in g  
o v e r  a  3 - h r .  p e r io d   ^in  an  a tm o s p h e re  of oxygen* S a m p le s  f ro m  
e a c h  b a tc h  w e re  ta k e n  a t  z e ro  t im e , a s  c o n tro ls ,  and  a t v a r io u s  
t im e  in te r v a ls  th e r e a f te r  up to  3 h r .  A t th e  en d  of in c u b a tio n  th e  
s a m p le s  w e re  q u ick ly  c h il le d  in  ic e  b e fo re  c e n tr ifu g in g  down th e  
s l i c e s .
14 "In  one s e r i e s  of e x p e r im e n ts  th e  TSH an d  ( C) ad en in e  
w e re  ad d ed  a t th e  s t a r t  of in c u b a tio n  a s  b e fo re  an d  p u ro m y c in  
(lOOpgVml) o r  a c tin o m y c in  D (iO p g /m l) ad d ed  a t v a r io u s  t im e s  
(O, 1 o r  Z h r . )  d u rin g  th e  c o u r s e  of th e  3 - h r .  in c u b a tio n . D u p lic a te
-iUU-
s a m p le s  w ith  o r  w ith o u t TSH b u t no t co n ta in in g  th e s e  in h ib i to r s
,   ■ o ■ ;
w e re  a ls o  in c u b a te d  f o r  3 hr*  a t 37 to  a c t  a s  c o n t ro ls ,  ^
RNA E s t im a tio n s  and  R a d io a c tiv ity  M e a s u re m e n ts  on 
W hole C e ll ,  N u c le a r  and  C y to p la sm ic  F r a c t io n s
A f te r  coo ling  in  ic e ,  th e  t i s s u e  s l i c e s  w e re  c e n tr ifu g e d  
down a t 100^ f o r  10 m in* a t 0^ and  w a sh e d  w ith  f r e s h  ic e - c o ld  
K re b s - R in g e r  b u ffe r  to  re m o v e  f r e e  iso to p e  an d  TSH , T he 
t i s s u e  s l i c e s  w e re  th e n  h o m o g e n ize d  in  10 v o lu m e s  ic e - c o ld  
w a te r  o r  in  10 v o lu m e s  ic e - c o ld  0 , 2 5 M -s u c ro s e  co n ta in in g  
0 * 0 0 lM * M g C l^  and  0 , 002M-**CaGl^ if  t i s s u e  f r a c t io n a t io n  w as 
to  be  c a r r i e d  out* F o r  s e p a ra t io n  in to  n u c le a r  and  c y to p la sm ic  
f r a c t io n s  th e  h o m o g e n a te  w as c e n tr ifu g e d  a t lOOg  ^fo r  5 m in . to  
r e m o v e  d e b r is  and  u n b ro k e n  ce lls*  T h e  s u p e rn a ta n t  f lu id  w as 
la y e r e d  on  to  an  eq u a l v o lu m e  of co ld  0*3 5 M -s u c ro s e  co n ta in in g  
0 * 0 0 lM -M g C K  and  0 ,0 0 2 M -C a G K  and  a  c ru d e  n u c le a r  f r a c t io n  
sp u n  down a t 1 ,0 0 0 ^  fo r  10m in * , th e  c e ll  c y to p la s m  re m a in in g  
in  th e  l ig h te r  f ra c tio n *  T h e  n u c le i w e re  th e n  p u r if ie d  by 
c e n tr ifu g in g  th ro u g h  2 * 2 M -s u c ro s e  as  d e s c r ib e d  l a t e r  in  th is  
s e c tio n  (se e  F ig .  15)*
T h e  RNA co n ta in e d  in  th e  w hole t i s s u e ,  n u c le a r  and
JLUl
c y to p la sm ic  f r a c t io n s  w as s e p a r a te d  as  d e s c r ib e d  in  S ec tio n  I 
by th e  m o d if ie d  S ch m id t-T h an n h au B er, p ro c e d u re  of F le c k  and  
M un ro  (d 962)* T h e  f r a c t io n s  w e re  t r e a te d  w ith  ic e - c o ld  H G iO ^ 
(co n ta in in g  ad en in e  a t 2nig^ m l.to  d ilu te  ou t c o n ta m in a tin g  
iso to p e )  to  g ive  a  f in a l  c o n c e n tra t io n  of 0 . 2N w ith  r é s p e c t  to  
a c id . B ov ine  s e ru m  a lb u m in  (2mg) w as ad d ed  to  th e  n u c le a r  
s a m p le ë: to  e n s u re  c o m p le te  p re c ip i ta t io n  of n u c le ic  a c id s . T h e  
s a m p le s  w e re  th e n  w a sh e d  3 t im e s  w ith  S m L co ld  0* 2N -H C 10^ 
to  re m o v e  a c id - s o lu b le  s m a ll  m o le c u le s  m id th e  t i s s u e  r e s id u e s  
of p r o te in  and  n u c le ic  a c id s  d ig e s te d  fo r  1 h r ,  a t  37^ in  0 , 3N -K O H , 
T h e  DNA an d  p ro te in  w e re  th e n  re m o v e d  by ac id ify in g  th e  d ig e s ts  
to  0 , BN w ith  H G 10 fo llo w ed  by c e n tr ifu g a tio n , th e  ENA re m a in in g  
in  th e  s u p e rn a ta n ts .  A liq u o ts  of the  RNA f r a c t io n s  w e re  th e n  
re m o v é d  fo r  r a d io a c t iv i ty  m e a s u re m e n ts  an d  t r e a te d  in  th e  
fo llow ing  m an n e r.. T h e  s a m p le s  w e re  n e u t r a l i s e d  w ith  KOH and , 
a f te r  s ta n d in g  10 m in , in  i c e ,  th e  p r e c ip i ta te  of K CIO ^ w as 
c e n tr ifu g e d  dow n and  th e  s u p e rn a ta n ts  co n ta in in g  th e  ENA 
p la te d  on to  m e ta l  p la n c h e t te s  u s in g  le n s  p a p e r  d is c s  to  g ive 
u n ifo rm  se lf-» ab so rp tio n  an d  co u n ted  in  a  N u c le a r  C h icag o  g a s -  
flow  c o u n te r .  T h e  r e m a in d e r  of th e  a c id - s o lu b le  RNA f ra c t io n s
- 1 U & -
w as m a d e  up  to  a  s u ita b le  v o lu m e  in  0 . IH -H C IO ^ fo r  e s t im a tio n  
of RNA by u l t r a v io le t  a b s o rp tio n  m e a s u re m e n ts  c o r r e c t in g  fo r  
p o ly p e p tid e  in te r f e r e n c e  in  th é  Whole c e ll  and  c y to p la sm ic  
f r a c t io n s  a s  devscribed in  S e c tio n  1, In  th e  c a s e  of th e  n u c le a r  
f r a c t io n s ,  h o w e v e r , RNA w as d e te rm in e d  d ir e c t ly  f ro m  th e  
u l t r a v io le t  a b s o rp tio n  a t  BéOmp tak in g  an  e x tin c t io n  v a lu e  of 
1 .000  to  be  e q u iv a le n t to  32pg,R N A  s in c e  th e r e  w as n e g lig ib le  
in te r f e r e n c e  due to  p o ly p e p tid e  in  th e s e  RNA f r a c t io n s .  T he 
s p e c if ic  a c t iv i t ie s  of th e  RNA f ra c t io n s  w e re  th e n  c a lc u la te d  in  
t e r m s  of co u n ts /m in ,n ag * R N A .
P r e p a r a t io n  of B e n to n ite
I t  h a s  b ee n  r e p o r te d  th a t  b en to n ite  b in d s  to  and  in h ib its  
r ib o n u c le a s e s  (B ro w n h iil, Jo n e s  and  S ta c e y , 1959), and  th e r e f o r e  
i t  w as u s e d  d u rin g  p r e p a r a t io n  of RNA f ro m  s h e e p - th y ro id  t i s s u e .
B e n to n ite  s u s p e n s io n s  w e re  %3repared f ro m  c o m m e rc ia l  
b e n to n ite  (B r i t i s h  D ru g  H o u se s  L t d , , P o o le ,  E n g lan d ), B e n to n ite  
(Eg) w as  su sp e n d e d  in  40 m b  w a te r  and  c e n tr ifu g e d  a t  750^  fo r  15 
m in , th e  s e d im e n t w as d is c a r d e d  and  th e  s u p e rn a ta n t  m a te r ia l  
w as  c e n tr ifu g e d  a t 8, 700^  fo r  20 min* T h e  s e d im e n t so  o b ta in ed  
w as re su sp e n d e d ; in  0* IM -E D T A  (pH7, 0) and  s to r e d  in  th is  so lu tio n
-  A V J -
f o r  48 h r .  a t ro o m  te m p e r a tu r e .  T he m a te r ia l  w as. 
c e n tr ifu g e d  one# m o re  a t 750£  and a t 8 , 700^, T h e  8, 700g  
s e d im e n t w as su sp e n d e d  in ,0 ,  O lM -so d iu m  a c e ta te  (pH 6 .0 ) ,  
c e n tr ifu g e d  a t B, 700g and  th e  s e d im e n t tak en , up  in  th e  a c e ta te  
h u ffe r  a t a  c o n c e n tra t io n  of abou t 5% (w /v ).
P r e p a r a t io n  of P u r i f i e d  ENA f ro m  S h e e p -T h y ro id  S lic e s
S lic e s  of s h e e p - th y ro id  t i s s u e  w e re  in c u b a te d  w ith  o r
, : c i /  o ■ ; '
w ith o u t TSH f o r  3 h r ,  a t  37 . and  th e  s l i c e s  w a sh e d  w ith  f r e s h
ic e -c O ld  K re b s - R in g e r  b u ffe r  a f te r  in c u b a tio n  a s  d e s c r ib e d
above* ENA w as th e n  p r e p a r e d  f ro m  th e  t i s s u e  s l i c e s  u s in g
a  m e th o d  s im i la r  to  th a t  d e s c r ib e d  by E a s o n , C lin e  and  S m e llie
( 1963), T h e  s l ic e s  from , e a c h  sa m p le  w e re  h o m o g e n iz e d  in  5 m l,
ic e - c o ld  0 , O lM -so d iim i a c e ta te  b u ffe r  (pH 6 ,0 )  co n ta in in g  1%
so d iu m  d o d ecy l su lp h a te  and  img,% b e n to n ite . T he h o m o g en a te
w as  th e n  sh a k en  w ith  an  eq u a l v o lu m e of 90% (w /v) pheno l co n ta in in g
0 , 1,% 8 -h y d ro x y q u in o lin e  fo r  15 m in . a t  ro o m  te m p e r a tu r e .  T he
so lu tio n  w a s  th e n  spun  a t 30 , 000g fo r  15 m in , , th e  aqueous la y e r  re m o v e d
and  b e n to n ite  ad d ed  to  i t  to  g iv e  a  f in a l c o n c e n tra t io n  of lmg.%,
T h e  p h en o l la y e r  w as  w a sh e d  tw ic e  w ith  O .O lM -so d iu m  a c e ta te
b u ffe r  (pH 5 ,2 5 )  an d  th e  aq u eo u s e x t r a c ts  co m b in e d . T h is  so lu tio n
1U4—
v/as .then  e x t r a c te d  3 t im e s  w ith  an  eq u a l v o lu m e  of e th e r ,
m ad e  2% w ith  r e s p e c t  to  p o ta s s iu m  a c é ta te ,  an d  th e  RNA
op r e c ip i ta te d  w ith  2 v o lu m e s  e th an o l fo r  1 h r .  a t  -10  ♦ T he
RNA w as c o l le c te d  by c e n tr ifu g a tio n  a t 2 , OOOg^  fo r  15 m in . a t
o '  " '
0 and  th e  p r e c ip i ta te  d is s o lv e d  in  3m l.O , 0 I M - t r is -H C  1 b u ffe r  
(pH 7*5) co n ta in in g  0 .0 0 1 M « M g C l^  and  lmg.% b e n to n ite . 
P a n c r e a t ic  D N ase  (5pg.) w as. added  to  th e  so lu tio n  w h ich  w a s  
in c u b a te d  a t 37^ fo r  10 m ih# to, d e g ra d e  th e  DNA p r e s e n t  to  
deoxy o lig o n u c le o tid e  Si T h e  so lu tio n  w as cooled# th e  RNA 
p r e c ip i ta te d  by a d d itio n  of 2 v o lu m e s  ic e - c o ld  ethanol#  and
I ' - ■ , i .
a f te r  c o lle c tio n  by c e n tr ifu g a tio n  w as d is s o lv e d  in  abou t 0 # 5m l.
O iO lM -so d iu m  a c e ta te  b u ffe r  (pH 64 25) co n ta in in g  0# 05M -N aC  1.
T h is  so lu tio n  w as th e n  d la ly s e d  fo r  18 h o u rs  a t 4*^  a g a in s t  2
l i t r e s  Oi 0 IM -s o d iu m  a c e ta te  b u ffe r  (pH 5*25) co n ta in in g
0 i0 5 M -N a C li  T h e  RNA so lu tio n  w as th e n  c e n tr ifu g e d  a t
1# 000^  fo r  10 m in# to  re m o v e  a  p r e c ip i ta te  of b e n to n ite  4
S e p a ra t io n  of P u r i f ie d  RNA on S u c ro s e  D e n s ity  G ra d ie n ts  
an d  R a d io a c tiv ity  M e a su r e m e n ts
U ltr a v io le t  a b s o rp tio n  m e a s u re m e n ts  w e re  c a r r i e d  out
on th e  RNA s a m p le s  and  ab o u t 300pg. RNA in  0 . Zmh a c e ta te
- 1 0 5 -
bulT er l a y e r e d  o n  to  a  4 . 6m l. 3 -20%  l in e a r  sts-crooo d e n s ity  
g ra d ie n t  in  0 . 0 IM -s o d iu m  a o e ta ta  b u ffe r  (pH 5*É5) w h ich  
c o n ta in e d  0*05M -M aC L  O ra d ie n ts  w e re  c e n tr ifu g e d  f o r  3 h r ,  
a t  lEByÔOÔ^in a  tSpiuco m o d e l L  u l t r a c e n tr i f u g e  (5 . Vf. 39 r o to r ) .  
T h e  b o tto m  o f e a c h  g ra d ie n t  tu b e  w as th e n  p ie r c e d  w ith  a  
s y r in g e  n e e d le ,  1$ d ro p  s m n p le s  c o l le c te d  an d  3 m l.w a te r  
ad d ed  to  e a c h  fo r  u ltray io X el a b s o rp tio n  h io a s u re m e n ts v  
R a d io a c tiv ity  m e a s u re m e n ts  w e re  c a r r i e d  p u t o n '2 m l. a liq u o ts  
ad d e d  to  B m L dioxane co n ta in in g -S c in s ta n t N E  S72 {N uclear 
E n te r p r i s e s  L td , • E d in b u rg h ) u s in g  a  N u c le a r  C h icag o  liq u id  
s c in t i l la t io n  s p e c t r o m e te r .
E x p e r im e n ts  o n  I s  p la te d  N u c le i 
'P r e p a ra t io n  of S h e e p -T h y ro id  N u c le i
(a) '* 8 u cro ee '' n u c le i . N u c le i w e re  p r e p a r e d  f ro m -a b o u t 20g.
sh e ep  th y ro id  t i s s u e  a s  show n in  o u tlin e  in  I f ig . 10* A ll
e x tra n e o u s  m a te r i a l  w as  re m o v e d  f ro m  th e  g la n d s  and  th e
ot i s s u e  m in c e d  tw ic e  a t 0 . ,  f i r s t  u s in g  an  o r d in a ry  m in c e r  and. 
th e n  u s in g  a  L a ta p ie y rq in c e r , T h is 's ta g e  w as n e c e s s a r y  p r io r  
to  h o m o g e n iz a tio n  s in c e  th y ro id  t i s s u e  le  v e ry  f ib ro u s  an d  to u g h  
an d  vigoa^otts t r e a tm e n t  d u r in g  h o m o g e n iz a tio n  w o u ld  d am ag e  th e
F ig , 15
ISO LA TIO N  O F  THYROID N U C L E I
T h y ro id  g la n d s  w e re  m in c e d  and  h o m o g e n iz e d  in  ic e - c o ld  
0 . à 5M -  su c  r o s e  co n ta in in g  M gC t ^  an d  C aC 1 ^  * H o m o g en a te  
w as  f i l t e r e d  th ro u g h  m u s l in  an d  c e n tr ifu g e d  a t  0 f o r  5 m in .
a t  100£,
4^  _____ ^
S e d im e n t S u p e rn a ta n t
(d is c a rd )  C e n tr ifu g e d  o v e r  a n  eq u a l v o lu m e  of
c o ld  0* 3 5 M -s u c ro s e  co n ta in in g  M g C l 
a n d  CaC 1^ a t  j 1 ,0 0 0 ^  fo r  5 m in . a t 0^ .
V  y
S u p e rn a ta n t S e d im e n t
(d is c a rd )  R eauB pended  in  a  s m a ll  v o lu m e
of O. B S M -su c ro se  co n ta in in g  
M g C l^  a n d C à C lp ,  m ix e d  w ith  
19 v o lu m e s  c o ld  '2 , 3 M -s u c ro s e  
c o n ta in in g  M g C l^  and  C a C l^  
an d  c e n tr ifu g e d  a t 0 fo r  1 h r , 
a t  4 0 ,OOOg
I m
S u p e rn a ta n t S e d im e n t
(d is c a rd )  of y e llo w -w h ite
c o lo u re d  n u c le i .
n u c le i .  T h é  m in c e d  t i s s u e  w as th e n  h o m o g e n iz e d  in  10 v o lu m e s
ic e - c o ld  0 , E 5 M -su c ro se  co n ta in in g  0 ,0 0 1 M -M g C l^  and  0 * 0 0 3 M -C aC l^
u s in g  a  te f lo n - g la s s  h o m o g e n iz e s  o£ th e  P o t te r - E lv e jh e m  ty p e .
A f te r  f i l te r in g  th ro u g h  a  doub le  la y e r  of m u s l in ,  th e  d e b r is  and
u n b ro k e n  c e l ls  w e re  re m o v e d  by c e n tr ifu g a tio n  a t  lOOg  ^fo r  5 m in . a t
0^* T h e  s u p e rn a ta n t  w as  la y e r e d  on to  a n  eq u a l v o lu m e  of co ld
0 , 3 0 M -su tc ro se  co n ta in in g  0 ,0 0 1 M -M g C l_  and  O .O OEM -CaCK  in
c e n tr ifu g e  tu b e s  and  a  c ru d e  n u c le a r  f r a c t io n  sp u n  dow n a t 1, OOOg^
ofo r  10 m in , a t 0 . T h e  n u c le a r  p e l le ts  w e re  r e  su sp e n d e d  in  a  
s m a ll  v o lu m e  of co ld  0*2 5 M -s u c ro s e  co n ta in in g  0, 001 M -M g C K  
an d  0 , O O EM -CaG l_, m ix e d  w ith  19 v o lu m e s  c o ld  2 . 3 M -S u c ro se  
co n ta in in g  0 , O O lM -M gC l^ and  O .OOEM -CaGl^ and  c e n tr ifu g e d  a t 
40 , 0 0 0 ^  f o r  1 h r ,  a t  0^ to  o b ta in  p e l le ts  of c le a n  n u c le i .  A f te r  
r in s in g  th e  c e n tr ifu g e  tu b e s  w ith  c o ld  0 , 2 5 M -s u c ro s e  to  re m o v e  
o th e r  m a te r i a l  p r e s e n t ,  th e  n u c le i w e re  w a sh e d  once  an d  r e -  
su sp e n d e d  in  0 , E S M -su cro se*  N u c le i p r e p a r e d  by th is  m e th o d  
w e re  u s e d  f o r  th e  in  v i t r o  s tu d ie s  d e s c r ib e d  l a t e r  in  th is  s e c tio n ,
(b) " C i t r ic  Acid*' n u c le i . T h e s e  w e re  p r e p a r e d  f ro m  abou t 
EOg. s h e e p - th y ro id  t i s s u e  a s  fo llo w s . T he th y ro id  t i s s u e  w as 
c le a n e d  an d  m in c e d  tw ic e  a s  d e s c r ib e d  above an d  h o m o g e m z e d  in
20 v o lu m e s  iç e - c o ld  0* 0 2 5 M -c itr ie  a c id  co n ta in in g  0 , 1% b en to n ite
A fte r  f i l te r in g  th ro u g h  s e v e r a l  l a y e r s  of m u s l in ,  th e  h o m o g en a te
ow as  cen trifu g ed , a t I ,  5 0 0 ^  fo r  5 m in . a t  0 . T h e  p e l le ts  o b ta in e d
f ro m  th is  sp in  w e re  r e  su sp e n d e d  in  10 v o lu m e s  0* 0 2 5 M -c itr ic
a c id  an d  c e n tr ifu g e d  a t 1, 5 0 0 ^  f o r  S m in , a t  0 ^ . T h e  p e l le ts  of
n u c le i o b ta in e d  w e re  d ra in e d  f r e e  of a c id  and  u s e d  f o r  th e
is o la t io n  of p u r if ie d  s h e e p - th y ro id  n u c le a r  RHA*
In c u b a tio n  C o n d itio n s  fo r  In  V itro  S tu d ie s  
u s in g  I s o la te d  N u c le i
S tu d ie s  u s in g  p u r if ie d  n u c le i w e re  c a r r i e d  ou t u s in g  th e  
in c u b a tio n  m ix tu re  d e s c r ib e d  by A llf re y , M ir  sky  an d  Os aw a  (19S7), 
th e  pH of in c u b a tio n  b e in g  ? ♦ 1. D e ta ils  of th e  in c u b a tio n  m e d iu m  
a r e  show n in  T a b le  lO. S h e e p - th y ro id  n u c le i  co n ta in in g  abou t 
400pg.D N A  (C e r io t t i ,  1952) w e re  added  to  th e  in c u b a tio n  m e d iu m  
(to ta l v o lu n te im l)  w h ich  a ls o  co n ta in e d  Ip c  (8 -^^C ) ad en in e  fo r  
s tu d ie s  of in c o rp o ra t io n  in to  RHA o r  Ip c  ( l -^ ^ C )  D L -le u c in e  fo r  
s tu d ie s  of. in c o rp o ra t io n  in to  p ro te in .  I n  a l l  c a s e s  th e  n u c le i 
w e re  a d d e d  l a s t  to  th e  in c u b a tio n  m ix tu re  to  s t a r t  th e  r e a c t io n , 
th e  s a m p le s  in c u b a te d  fo r  v a r io u s  le n g th s  of t im e  f ro m  0 to  60 
m in . a t 37^ w ith  co n tin u o u s sh a k in g , an d  th e  r e a c t io n s  te rm in a te d  
by p lung ing  th e  sa m p le  tu b e s  in to  a  f re e z in g  m ix tu re  (so lid  C p ^
Table 10
N U C LEA R  IN CU BA TIO N  M IX TU R E 
(a c c o rd in g  to  A U fr.ey, M ir  sky  and  O s aw a , 1957)
A liq u o ts  of n u c le a r  s u s p e n s io n  w e re  in c u b a te d  
a t 37 w ith  co n tin u o u s sh ak in g  in  th e  p r e s e n c e  
of i s o to p ic a l ly - la b e l le d  siîb stan ce#  b u f fe r  an d  
ad d e d  m e ta b o l i te s  a s  fo llo w s ;-
(1) 0 .3 rn h  n u c le a r  s u s p e n s io n  in  0* E 5M -sue r o s e ,
(2) 0 . 25m hO . IM -s o d iu m  p h o sp h a te  b u ffe r  (pH 7* I) 
co n ta in in g  0, 2 0 M -s u c ro s e ,
(3) 0 . 2 m l-0 , IM -g lu c o s e  so lu tio n  co n ta in in g  
3,76m g^N aCl and  5. 3 4 m g .M g C l.,6 H  O p e r  m l .
(4) 0* 05m J,^w ater co n ta in in g  ra d io a c tiv e  iso to p e  
e . g .  ( C) a d e n in e .
(5) 0 , 2 m L 0 ,2 0 M -s u c ro s e  co n ta in in g  any a d d itio n s  
to  th e  m edium , e .g .  T SH .
T o ta l  V o lum e = 1ml.
e th a n o l) , Z e ro  t im e  c o n tro ls  w e re  a ls o  p re p a re d , in  each
c a s e  and  th e  v a lu e s  o b ta in e d , w h ich  w e re  a lw a y s  lo w , w e re
s u b tr a c te d  f ro m  th e  v a lu e s  of th e  in c u b a te d  s a m p le s .  In  one
s e r i e s  o£ essp e rim eh ts  th e  e f fe c t of o m ittin g  g lu c o se  f ro m  th e
in c u b a tio n  m e d iu m  on  th e  u p tak e  of (^^G) ad en in e  in to  n u c le a r
EN A  w as  stud ied*  T he e f fe c ts  of add ing  v a r io u s  co m p o u n d s ,
su ch  a s  TSH i p u ro m y c in  an d  a c tih d m y c ih  D , to  th é  in c u b a tio n
m e d iu m  o h  th e  in c o rp o ra t io n  of la b e l le d  p r e c u r s o r s  in to  b o th
EN A  an d  p ro te in  w e re  a ls o  in v e s t ig a te d . In  so m e  c a s e s  th e
u p tak e  of la b e lle d  p r e c u r s o r s  in to  th e  EN A  aiid  p ro te in  of sh e e p s
th y ro id  n u c le i w a s  c o m p a re d  w ith  th a t  in to  r a t^ l i v e r  n u c le i .  F o r
th is  p u rp o s e  r a t^ l i v e r  n u c le i w e re  i s o la te d  u s in g  a  p ro c e d u re
(M u n ro , W add ing ton  and  B eg g , 196$) s im i l a r  to  th a t  em p lo y ed
f o r  th e  p r e p a r a t io n  of sheep -^ thy ro id  n u c le i .
S e p a ra t io n  of N u c le a r  EN A  an d  P r o te in  F r a c t io n s  f o r  
E s t im a tio n  and  R a d io a c tiv ity  M e a s u re m e n t
. oA f te r  th aw in g  th é  n u c le a r  s a m p le s  to  0 , th e y  w e re  
t r e a t e d  a s  d e s c r ib e d  e a r l i e r  in  th is  s e c tio n  f o r  th e  t i s s u e * s l ic e  
f r a c t io n s  u s in g  th e  m e th o d  of F le c k  an d  M u n ro  (1962) to  e x t r a c t  
EN A  and  p ro te in .  In  th e s e  e x p e r im e n ts  i t  w a s  n o t n e c e s s a r y  to
add  c a r r i e r  a lb u m in  to  c o * p re c ip ità te  th e  n u c le ic  a c id s  a s  
th e r e  w a s  s u f f ic ie n t p ro te in  p r e s e n t  in  th e  n u c le a r  s a m p le s .
T h e  s p e c if ic  a c t iv i t ie s  of th e  EN A  f ra c t io n s  w e re  d e te rm in e d  
a s  d e s c r ib e d  p re v io u s ly  e x c e p t th a t  w hen  (oC*P) Ü T P  w as  u s e d  
a s  th e  RNA p r e c u r s o r  I th é  s a m p le s  w e re  p r e c ip i ta te d  w ith  
c o ld  H C 10^ co n ta in in g  U T P  (2 m g /m l^  in  p la c e  of a d e n in e . F o r  
s p e c if ic  a c tiv i ty  d e te rm in a t io n s  on n u c le a r  p ro te in  s a m p le s ,  th e  
r e s id u e s  of p ro te in  and  DNA re m a in in g  a f te r  EN A  e x tra c t io n  w e re  
d is s o lv e d  in  0 . 5ml#0* 3N*KOH by in c u b a tio n  a t 37^ fo r  1 h r .
A liq u o ts  (0 .2 m l)  w e re  th e n  p la te d  on  to  m e ta l  p la n c h e t te s  and  
co u n ted  a s  d e s c r ib e d  e a r l i e r  fo r  EN A  s a m p le s .  S a m p le s  ( 0 . 1 m l) 
w e re  d ilu te d  to  1 m l,w ith  w a te r  and  p ro te in  e s t im a tio n s  c a r r i e d  
o u t by th e  m e th o d  of L o w ry  e t  a l .  (1951) U sing b o v in e  s e ru m  
a lb u m in  a s  s ta n d a r d .  T h e  s p e c if ic  a c t iv i t ie s  of th e  n u c le a r  p ro te in  
s a m p le s  w e re  tîien  c a lc u la te d  in  t e r m s  of c o u n t s /m in . /m g .p r o te in .  
DNA E s t im a tio n s  on S h e e p * T h y ro id  N u c le i
T h e s e  w e re  ca rM ed  ou t on s a m p le s  of th e  DNA f ra c t io n s  
p r e p a r e d  by th e  m e th o d  of F le c k  and  M un ro  (1962) u s in g  th e  
p ro c e d u re  o f C e r io t t i  (1952), T h is  m e th o d  g iv e s  s a t i s f a c to ry  
e s t im a te s  of n u c le a r  DNA s in c e  th e r e  i s  no th y ro g lo b u lin  p r e s e n t
w hich  in te r f e r e s  in  th e  c o lo r im e tr iG  r é a c t io n  ( s e e  F ig ,  9),
P r e p a r a t io n  of P u r i f ie d  S h e e p * T h y ro id  N u c ie a r  RNÂ and  
A n a ly s is  on S u c ro s e  D en s ity  G ra d ie n ts  '
RNA w as  p r e p a r e d  f ro m  sheep -^ thy ro id  n u c le i  w h ich  h a d  
b ee n  i s o la te d  by e i th e r  of th e  tw o m e th o d s  d e s c r ib e d  e a r l i e r .  
S a m p le s  of n u c le i  w e re  h o m o g e n iz e d  in  5 m l,0 i)5 M -tr is* H C l 
b u ffe r  (pH 7 ,4 )  co n ta in in g  I % s od ium  d o d ecy l su lp h a te  and  
I0mg,% b e n to n ite . T h is  g aye a  v e ry  v is  cohs so lu tio n  w h ich  w as 
th e n  sh a k e n  w itS  an  eq u a l v o lu m e  of 90% (w /v ) p h en o l 
co n ta in in g  0 , l%  8 * h y d ro x y q u in o lin e  fo r  3 m in , a t  6 0^ , A fte r  
co o lin g  in  i c e ,  th e  aq u eo u s p h a se  w as s e p a r a te d  by  c e n tr ifu g a tio n  
a t  30 , obOg fo r  IS m in* B e n to n ite  w as ad d ed  g iv in g  a  f in a l 
c o n c e n tra t io n  of lOmg,% to  th e  aqueous p h a se  w h ich  w as  th e n  
e x t r a c te d  3 t im e s  w ith  an  eq u a l v o lu m e of e t h e r .  T h e  aq u eo u s 
p h a s e  w as  m a d e  2% w ith  r e s p e c t  to  p o ta s s iu m  a c e ta te  an d  th e  
RKA p re c ip i ta te d  w ith ,E  v o lu m e s  e th an o l a t  -1 0 ^  fo r  1 h r .  T he 
p r e c ip i ta te  wa.s c e n tr ifu g e d  down a t 2 , 000£rfor 15 m in , a t 0 an d  
th e  p q lie t  F e  su s  p onded  in  3 in l ,0 ,0 5 M * tr is -E C  1 b u f fe r  (pE 7 ,4 )  
co n ta in in g  0* 0 0 iM * M g C i^  and  |pm g,%  b e rito n ite ; P a n c r e a t ic  
D N ase  (S p g /m l) w as  ad d ed  and  th e  s a m p le s  in c u b a te d  f o r  5 m in*
a t 37^ , th e n  re c o o ie d  in  ic e .  T he RKA w as th e n  r e p r e c ip i ta te d  
w ith  a  f in a l c o n c e n tra t io n  of 25% e th an o l and  E M * p o ta ss iu m  
a c e ta te  a t -1 0 ^  fo r  I h r .  T h e  RKA p re c ip i ta te  w a s  c e n tr ifu g e d  
dow n a t  2 ,0 0 0 ^ fo r  15 m in , a t  0^ an d  re s u s p e n d e d  in  0 .5 m l ,
0 . 01M ‘-so d iu m  a c e ta te  b u ffe r. (pH 5 ,2 5 ) co n ta in in g  O .O S M -N aC l, 
an d  th e  in so lu b le  m a te r ia l  su c h  a s  b en to n ite  r e m o v e d  by 
c e n tr ifu g a tio n .
U ltr a v io le t  a b s o rp tio n  m e a s u re m e n ts  w e re  c a r r i e d  ou t
to  d e te rm in e  th e  am o u n t of RKA p r e s e n t  an d  th e  c o n c e n tra t io n
a d ju s te d  to  abou t ôOOpgJm l .  A bout lOOpg.RKA w e re  th e n  a p p lie d
to  4 . 6 m l,o f  a  3*25% l in e a r  s u c ro s e  g ra d ie n t in  O. O lM *sod ium
a c e ta te  b u ffe r  (pH 5 .2 5 )  co n ta in in g  0 .0 5 M * K a C l an d  c e n tr ifu g e d
f o r  3 h r ,  a t 125, 0 0 0 ^  in  a  S p inco  m o d e l h  u l t r a c e n tr i f u g e  .
(s. W, 39 r o to r ) .  T h e  u l t r a v io le t  a b s o rp tio n  of th e  g ra d ie n t  a t
260m(x w as r e c o r d e d  a u to m a tic a lly  by a  f lo w -c e l l  d ev ice  in
co n ju n c tio n  w ith  a  S p e c tro n ic  505 s p e c tro p h o to m e te r .
M e a s u re m e n t of D ep h o fjp h o ry la tio n  of tJT P  by 
I s o la te d  S h e e p ^ T h y ro id  N u c le i
N u c le a r  in c u b a tio n s  w e re  c a r r i e d  ou t a s  d e s c r ib e d  
p re v io u s ly  u s in g  TSH a t a  c o n c e n tra t io n  of 0 , 1 i . u .  / m l,  0 .0 4  jxm oles
* & t,
Ô o ' ^
((in- P )  U Î P  (7 X 10 c o u n ts /m in * /p m o lé )  r e p la c in g  th e  la b e l le d  
ad e n in e . S a m p le s  w e re  in c u b a te d  fo r  0 and  15 m in* a t 37° and  
th e  r e a c t io n s  s to p p e d  by  r a p id  f r e e z in g .  O n th aw in g  to  0 ° , th e  
s a m p le s  w e r e  p r e c ip i ta te d  w ith  c o ld  H C 10^ to  a  f in a l c o n c e n tra t io n  
of 0* 2N w ith  r e s p e c t  to  a c id , and  th e  p r e c ip i ta te s  w a sh e d  tw ic e  
w ith  c o ld  0 ,2 N -H C 1 0  co m b in in g  th e  s u p e rn a ta n ts  in  e a c h  case*
tm m  %  ■ •
T h e s e  co m b in ed  s u p e r n a ta n ts , th e  a c id - s o lu b le  f r a c t io n s ,  w e re  
th e n  n e u t r a l i s e d  w ith  KOH a t  0 ° and  th e  p r e c ip i ta te s  of KG 10^ 
c e n tr ifu g e d  down# A liq u o ts  ( 0 , 1ml) of th e  s u p e rn a ta n t  f lu id s  
o b ta in e d  w e re  th e n  u s e d  f o r  ! p a p e r  c h ro m a to g ra p h ic  s e p a ra t io n  of 
th e  n u c le o s id e  m o n o * , di* an d  tr ip h o s p h a te s  an d  in o rg a n ic  
p h o sp h a te . T h e  m e th o d  u s e d  w as th a t  d e s c r ib e d  by S m ith  (I960) 
in  w h ich  th e  co m p o n en ts  a r e  s e p a r a te d  by 1-d im e n s io n a l  c h ro m a to g ra p h y  
on W h atm an  N o, 1 p a p e r  u s in g  an  is o b u ty r ic  a c id * w a te r - a m m o n ia -  
v e r s e n e  so lv e n t a t  pH 4 .6  (K reb s  and  H e m s  ^  1952), M a rk e r s  of 
Ü T P , U D F , tJM P and  in o rg a n ic  p h o sp h a te  w e re  a ls o  p r e p a r e d  and  
th e  c h ro m a to g ra m s  ru n  in  a scen d in g  fa sh io n  f o r  11 h r .  A f te r  
d ry in g , th e  sp o ts  of th e  n u c le o tid e s  w e re  d e te c te d  u s in g  u l t r a v io le t  
l ig h t  an d  th o se  of in o rg a n ic  p h o sp h a te  by s ta in in g  (S m ith , I9 6 0 ),
T h e  c h ro m a to g ra m s  w e re  th e n  cu t in to  s t r i p s ,  2 , 5 c m .w id e , fo r
32r a d io a c t iv i ty  m e a s u r e m e n ts  by sc an n in g  tîio s t r i p s  fo r  P  
a t  a  r a t e  of 0 . I c W m in ,  u s in g  a  P a c k a r d  r a d io c h ro m a to g ra m  
s c a n n e r  (m o d e l 7201).
R ESU LTS AND DISCUSSION 
E x p e r im e n ts  u s in g  S h e e p ^ T b y ro id  S lic e s  
U p take  of (^^C) A den ine in to  T h y ro id  S lic e  RNA
In  th e s e  e x p e r im e n ts  c o n s is te n t  la b e ll in g  b e tw e en  
d u p lic a te  t i s s u e  s l ic e  s a m p le s  of th e  s a m e  th y ro id  p r e p a r a t io n  
w as  o b ta in e d  b u t b e tw een  d if fe re n t b a tc h e s  of th y ro id  t i s s u e  
th e r e  w e re  w id e  v a r ia t io n s  in  a c tiv i ty . F ig ,  16 show s th e  
u p tak e  of (^^C) ad en in e  in to  th e  RNA of s h e e p - th y ro id  s l ic e s  
a t v a r io u s  t im e s  of in c u b a tio n  up  to  3 hr* In  a g re e m e n t w ith  
th e  w o rk  of H a ll  (1963), a d d itio n  of TSH (O* 1 i* u , / m l) a t the  
s t a r t  of in c u b a tio n  s t im u la te d  th e  u p tak e  of ad en in e  in to  RNA 
o v e r  th e  3 - h r ,  p e r io d . H o w ev er th is  in c r e a s e  in  ad en in e  
u p ta k e  in to  RNA w a s  n o t a p p a re n t to  any e x te n t d u rin g  th e  f i r s t  
hr* of in c u b a tio n -  T h is  e x p e r im e n t w as th e n  r e p e a te d  tak in g  
m e a s u re m e n ts  a t 0*5 hr*  in te r v a ls  o v e r  th e  3 - h r .  in c u b a tio n  
p e r io d , fo llo w ed  by s e p a r a t io n  of e a ch  t i s s u e  s a m p le  in to  a  
n u c le a r  and  a  c y to p la s m ic  f r a c t io n  a t  th e  en d  of incubation*
14
F ig .  17 show s th e  u p tak e  of ( C) ad en in e  in to  n u c le a r  and 
c y to p la sm ic  RNA o v e r  th e  3 - h r ,  p e r io d . A d d itio n  of TSH at 
th e  s t a r t  of in c u b a tio n  h a d  no e f fe c t on ad e n in e  in c o rp o ra t io n






TIME OF INCUBATION (HR.)
F i g .  16
14U p t a k e  o f  ( C ) - a d e n i n e  by th e  R N A  of  s h e e p - t h y r o i d  
s l i c e s  d u r in g  i n  v i t r o  i n c u b a t i o n  i n  th e  p r e s e n c e  o r  
a b s e n c e  o f  T S H  (O. 1 i . u . / m l , ) . '  E a c h  p o in t  i s  t h e  
m e a n  r e s u l t  of  t w o  e x p e r i m e n t s .
sÔQOOOr
I 6 0 , 0 0 0
IR 4 0 , 0 0 0 hJ
I
^  2QOOO
L-Aaenine  upxaK e oy  
Thyroid  Slices. 
N'uc/<zâr RNA O
Co n t r e
0  1 2  3
T/m<z o f /ncahdét'on CAtN
^  2 0 , 0 0 0 r
5  ^ 10,000
I
CvtOD /âsm /c  RNA
/  TSH
C o n tre
1 2 3
T/mz o f  /ncc/ôâtfon (fyr.)
F i g . -  17
U p t a k e  o f  a d e n i n e  by  t h e  R N A  of  t h y r o i d  c e l l  n u c l e i  ( u p p e r  gra p h )
and  c y t o p l a s m  ( l o w e r  g ra p h )  d u r in g  in  v i t r o  i n c u b a t i o n  o f  s l i c e s  o f  sh e e p -  
t h y r o i d  g l a n d s  i n  t h e  p r e s e n c e  o r  a b s e n c e  o f  T S H  (0 ,  1 i . u . / m l , ) .  E a c h  
p o in t  i s  t h e  m e a n  r e s u l t  o f  t w o  e x p e r i m e n t s .
into EHA until I had elapgied w hen an m c r e a a e  in  uptal^e 
into n u c lea r  JEIMA com m enced* H ow ever the action  of TSH 
on ENA la b e llin g  w as not apparent in  the cy to p la sm ic  fra ctio n  
until a fter  Z hi% incubations a finding com p atib le  w ith tra n sfer
o£ ENA fro m  n u cleu s to cytoplasm.*
' 14 , “ '
ir>f£ects of Inhib itor s. on ( C) A denine Uptake in to  ENA
by-T hyroid  Slicé'8
T he e lfe c ts  of in h ib ito rs  of p rotein  sy n th e s is  (purom ycin)
and DNA-^dependent ENA sy n th esis' (actinom ycin  D) w ere  then
exam in ed  in  th is  sy s te m  (T ab les 11 and IE)* P u ro m y cm  was
added at a con cen tration  (I00p,g*/ml) w hich i s  Imown to inhibit
uptake of (^^C) le u c in e  in to  the p rotein  of th yro id  s l i c e s  (F ie ld ,
Johnson , Etendig and P a s t  an* 1963)* When th is  in h ib itor w as
added at the s ta r t of incubation  it  reduced  the uptake of (^^C)
ad en in e  in to  n u c le a r  RNA by ab o u t 60% an d  e l im in a te d  th e
in c r e a s e  in  adenine uptake due to  TSH (T able 11)* When th is
iîd iib itor  w as added a fter  1 h r . .of incubation ,, it  s t i l l  reduced  
14( 'C) adenine in co rp o ra tio n , but TSH added at the sta r t of 
Incubation w as now e ffe c t iv e  in  stim ulatin g  adenine uptake in to  
EN A , S im ila r  r e su lts  w ere  obtained  when the purom ycin  w as
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ad d ed  a f te r  Z hr*  in c u b a tio n , and  th e  p a t te r n  o f ad e n in e  
in c o rp o ra t io n  in to  c y to p la s m ic  RNA in  g e n e ra l  fo llo w ed  th a t  
in to  n u c le a r  RNA a p a r t  f ro m  th e  v a lu e  o b ta in e d  w hen  p u ro m y c in  
w as ad d ed  a t th è  s t a r t  of in c u b a tio n  (T ab le  12). T h e  in h ib itio n  
of TSH a c tio n  w ith  p u ro m y c m  su g g e s ts  th a t  th e  m e c h a n is m  
in v o lv e s  s y n th e s is  of p ro te in  d u rin g  th e  l^ ilr*  p e r io d  b e fo re  
th e  in c r e a s e d  (^^C) ad en in e  U ptake c o m m e n c e s . H o w e v e rj i t  
sh o u ld  b e  n o te d  in  th is  co n n e c tio n  th a t R ag h u p a th y , A b ra h a m , 
K erkO f an d  C haiko ff (1964) show ed  th a t  TSH h a d  h o  d e te c ta b le  
e f fé c t on th e  u p tak e  of O) ieU bine in to  th e  p ro te in  of sh e e p s  
th y ro id  s lice 's  in  v i t r o  a t  th is  t i ih e  in te rv a l ,  and  th u s  T3H u n d e r  
th e s e  e x p e r im e n ta l  co n d itio n s  canno t have  a g e n e ra l  a c tio n  on 
th y ro id  p ro te in  s y n th e s is ,  .
A d d itio n  of ac tih o m y b ih 'D  (lOpgJ m l) a t  th e  s t a r t  of 
in c u b a tio n  g re a t ly  k ed h ced  (^^C) ad en in e  in c o rp o ra t io n  and  
in h ib ite d  th e  in c r e a s e d  ad èn ih e- u p tak e  in to  RNA c a u s e d  by TSH 
(T a b le s  11 and  12)* W hen ad d ed  a f te r  1 h r ,  of in c u b a tio n ,th e  
e f fe c t of th is  in lr ib ito r  on ad en in e  u p tak e  in to  RNA w as s t i l l  
a p p a re n t;  a  s m a ll  s t im u la to ry  a c tio n  of TSH on ad en in e  u p tak e  
w as how iaver o b ta in e d . S im i la r  r e s u l t s  w e re  o b ta in e d  w hen  th e
ac tân o m y cin  D W as ad d ed  a f te r  Z h r .  in c u b a tio n  an d  a g a in  u p tak e  
of a d e n in e  in to  c y to p la s m ic  RNA fo llo w ed  th a t  in to  n u c le a r  RNA 
(T ab le  IZ) .
Sucros€î D en s ity  G ra d ie n t  A n a ly s is  o f T h y ro id  S lic e  RNA
RNA w as p repai^ed  f ro m  w hole u n f ra c t io n a te d  s l ic e s
(c o n tro l and  TSH " tr e a te d )  w h ich  h ad  boon in c u b a te d  fo r  3 h r .  w ith  
14( C) cidenine. T h e  RNA f ro m  e a c h  sa m p le  w as f r a c t io n a te d  on 
a  s u c ro s e  d e n s i ty  g i’ad ie n t an d  ra d io a c tiv i ty  m e a s u re m e n ts  c a r r i e d  
ou t (F ig . 18). F ig .  18 show s th e  r e s u l t s  of one of th r e e  ex p e i’im e n ts
a ll  of w h ich  gave  th e  s a m e  p a t te r n  of r e s u l t s /  TBH a p p e a r s  to
' . 14c a u s e  an  in c r e a s e  in  ( ' G) ad en in e  u p tak e  in to  a l l  s p e c ie s  of
RNA o v e r  a  3 " h r .  in c u b a tio n  p e r io d . F r o m  th e  a b s o rp tio n  p ro f i le  
a t 260m p of the, tis e u e -^ s lic e  RNA i t  can  be s e e n  th a t  th e  RNA is  
p a r t ia l ly  d e g ra d e d  p a r t ic u la r ly  in  the  re g io n  of th e  h e a v ie r  
xdbosom al pealx, w h ich  i s  s m a l l  c o m p a re d  w ith  th e  l ig h te r  
r ib o s o m a l p e a k , and  th is  r é s u l t a  in  a  c o r re s p o n d in g  in c r e a s e  in
re g io n  of sR N A . A lso  th e  (^^C) la b e ll in g  in  th e  re g io n  
of sR N A  w as  a lw ay s  g r e a t .  T h is  is  p ro b a b ly  duo in  p a r t  to  
d e g ra d a tio n  of h e a v ie r  RNA an d  a ls o  to  te r m in a l  "C C A  tu rn o v e r  
of th y ro id  tR N A . F ro m , e x a m in a tio n  of th e  a b s o rp tio n  p ro f i le s
EFFECT OF T S H  ON THE UPTAKE OF ^"^C-ADENINE 







F ig .  18
S u c r o s e  d e n s i t y  g r a d i e n t  a n a l y s i s  o f  R.NA. p r e p a r e d  f r o m  
t h y r o i d  s l i c e s  w h i c h  h a d  b e e n  i n c u b a t e d  w i t h  a d e n i n e
in  th e  p r e s e n c e  o r  a b s e n c e  of  TSH  f o r  3 h r .  at  3 7 ^ .  T h e  
c o n t i n u o u s  l i n e  r e p r e s e n t s  t h e  f o r  t h e  c o n t r o l  s a m p l e s
w h i c h  w a s  v e r y  s i m i l a r  in  p a t t e r n  a n d  p o s t i o n  to  th a t  o f  th e  
T S H - t r e a t e d  s a m p l e s .  T h e  d o t t e d  l i n e s  s h o w  th e  
a c t i v i t y / f r a c t i o n  f o r  e a c h  t y p e ,  o ,  T S H  - t r e a t e d ;
Ô, c o n t r o l .
a t v a r io u s  t im e s  th ro u g h o u t in c u b a tio n , i t  w as  fo u n d  th a t  p a r t
of th e  d e g ra d a tio n  o c c u r r e d  d u r in g  p r e p a r a t io n  of th e  t i s s u e
s l i c e s ,  th e  r e m a in d e r  o c c u r r in g  d u rin g  in c u b a tio n . A t e a r ly
t im e s  of in c u b a tio n  i t  w as  im p o s s ib le  to  d e te c t  s ig n if ic a n t
d if fe re n c e s  in  la b e ll in g  of RI^A due to  TSH s in c e .m o s t  of th e
la b  o ilin g  o c c u r r e d  n e a r  th e  top*: of th e  g ra d ie n t ,  p ro b a b ly  due
in  p a r t  to  d e g ra d a tio n  of h e a v ie r  RNA,
In  s u m m a ry , in c u b a tio n  of t i s s u e  s l i c e s  of sh e e p
I'd; ' ' '
th y ro id  w ith  TSH and ( C) ad en in e  show s an  in c r e a s e d  la b e ll in g  
of n u c le a r  RNA and  su b se q u e n tly  of c y to p la s m ic  .RNA (F ig . 17), 
and  th is  in c r e a s e  is  a p p a re n tly  p r e s e n t  a f te r  3 h r ,  in  a ll 
th y ro id  RNA f ra c t io n s  (F ig . 18), T h is  e f fe c t of TSH  can  be 
in h ib ite d  by p u ro m y c in  o r  a c tin o m y c in  D ad d ed  a lo n g  w ith  th e  
TSH to  th e  s l i c e s ,  and  in  co n seq u en c e  i t  a p p e a r s  th a t  th e  a c tio n  
of TSH on th y ro id  RNA m e ta b o l is m  in v o lv e s  s y n th e s is  of p ro te in  
and of RN A ,
S tu d ie s  u s in g  P u r i f ie d  S h e e p -T h y ro id  N u c le i 
I s o la t io n  of N u c le i
A t p r e s e n t  th e r e  a r e  no p u b lish e d  d a ta  a v a ila b le  on 
m e th o d s  of p r e p a r a t io n  of th y ro id  n u c le i w h ich  a r e  m e t a b o lie  a lly
M. i i 7**
a c tiv e . F r o m  an  e x a m in a tio n  of re v ie w s  of p ro c e d u r e s  
a v a ila b le  fo r  th e  is o la t io n  of n u c le i f ro m  o th e r  m a m m a lia n  
t i s s u e s  (S ie b e r t  and  S m e ll ie ,  19S7; A llf re y , 1959# R oodyn,
1963) i t  w ou ld  a p p e a r  th a t  a  m o d if ic a tio n  of th e  m e th o d  of 
C h au v ea u , M ould  and  R o u il le r  (1956) in v o lv in g  p u r if ic a t io n  by 
c e n tr ifu g a tio n  th ro u g h  d e n se  s u c ro s e  w ou ld  be th e  m o s t s u ita b le  
f o r  p r e p a r in g  th y ro id  n u c le i  f r e e  f ro m  c y to p la s m ic  c o n ta m in a tio n  
w ith o u t g r e a t  lo s s e s  of n u c le a r  m a te r ia l .  T h e  n u c le a r  is o la t io n  
p ro c e d u re  d e s c r ib e d  in  th e  ’’m e th o d s"  s e c t io n  g av e  m e ta b o lic  a lly  
a c tiv e  n u c le i in  a  y ie ld  of ab o u t 50% of th e  to ta T p o p u la tio n  of 
n u c le i in  th e  th y ro id  a s  ju d g e d  by th e  r e c o v e ry  of DNA f ro m  
sh e ep 4 :h y ro id  s a m p le s  of know n DNA c o n te n t. E x a m in a tio n  by 
lig h t m ic ro s c o p y  an d  by e le c t ro n  m ic ro s c o p y  sh o w ed  no ev id en c e  
of s ig n if ic a n t c o n ta m in a tio n  w ith  w hole c e l ls  o r  c y to p la s m ic  
c o m p o n e n ts , C h e m ic a l a n a ly s is  fo r  RNA, DNA an d  p ro te in  
gave a  m e a n  EN A /D N A  r a t io  of 0 .2 2  (0 ,2 0  0 ,2 6 )  and  a  m e a n
p ro te in /D N A  ra t io  of 3 ,0  (2 .7  ^ 3 ,3 )  o v e r  a  s e r i e s  of e x p e r im e n ts  
T h e  m e a n  RN A / DNA r a t io  of sheep -^ thy ro id  n u c le i p r e p a r e d  by  th e  
c i t r i c  a c id  p ro c e d u re  w as  0* 2 0 , a  v a lu e  s l ig h tly  lo w e r  th a n  th a t  
o b ta in e d  u s in g  th e  s u c ro s e  p ro c e d u re .  T h e re  a r e  no p u b lish e d
d a ta  a v a ilh b le  f o r  th e s e  r a t io s  in  th y ro id  m c l e i ,  b u t the  
r e s u l t s  a r e  in  a g re e m e n t w ith  v a lu e s  o b ta in e d  fo r  nuele£ ir 
p r e p a r a t io n s  f ro m  o th e r  m a in m a lia n  t ia e u e a  su c h  a s  l iv e r  
(R oodyn, 1963).
In  V itro  S tu d ie s
I t  h a s  b e e n  show n by A lH ro y , M ir  sk y  an d  O saw a  (1957) 
tiia t i s o la te d  c a lf r th y m u s  n u c le i a r e  ab le  to  in c o rp o r a te  
la b e l le d  am in o  a c id s  in to  px’o te in  an d  la b e l l e d  XlNA p r e c u r s o r s  
in to  RNA In  v i t r o  s tu d ie s  h av e  a ls o  b een  c a rx d ed  ou t u s in g  
is o la te d  ra t^^ liv er n u c le i ,  and  th e r e  is  ev id en ce  th a t  th ey  can  
a c c u m u la te  ad en in e  (Iteo  an d  H olb-rook, 1964), s y n th e s is e  A T P  
(K louw on, B e te l ,  A p p e lm an  a n d .A r ts ,  1965) and  s y n th e s is e  RNA 
(R eas  and  R ow land , 1961). I s o la te d  ra.t***liver n u c le i  a,re a lso  
ab le  to  in c o rp o r a te  is o to p ic a l ly ^ la b e lle d  am in o  a c id s  in to  p ro te in  
in  v i t r o  (R end i, I960 ; R eeo  and  R ow land , 1961). T h e  s tu d ie s  
c a r r i e d  o u t on is o la te d  s h e e p th y r o ld  n u c le i  d e m o n s tr a te  th a t 
th e y  a r e  a ls o  c a p a b le  of ^  v i t r o  s y n th e s is  of RNA an d  p ro te in , 
and  th e  r e s u l t s  o b ta in e d  d iir in g  th e s e  e x p e r im e n ts  w ill  now be 
d e s c r ib e d  in  deta il*  A s in  th e  t i s s u e  s l ic e  e x p e r im e n ts ,  d u p lic a te  
r e s u l t s  of in c o rp o ra t io n  of la b e l le d  p r e c u r s o r s  in to  RNA o r  p ro te in
o b ta in e d  u s in g  n u c le i f ro m  one b a tc h  of sheep*^thyro id  g lan d s  
w e re  in  good  a g re e m e n t b u t v a r ia t io n  in  a c tiv i ty  of n u c le i 
p r e p a r e d  f ro m  d if fe re n t  b a tc h e s  of th y ro id  t i s s u e  w as  q u ite  
g rea t*
U p tak e  of L a b e lle d  P r e c u r s o r s  in to  KNA by I s o la te d  N u c le i
T h e  e ffe c t of o m ittin g  g lu c o se  f ro m  th e  in c u b a tio n  m e d iu m  
on  th e  u p ta k e  of (^^C) a d en in e  in to  th e  RNA of s h e e p - th y ro id  
n u c le i  o v e r  a  4 S * m in , in c u b a tio n  p e r io d  i s  show n in  F ig ,  19.
I t  c a n  b e  s e e n  th a t  g lu c o se  s t im u la te s  la b e l le d  ad e n in e  u p ta k e  
in to  RNA u n d e r  th e  in c u b a tio n  co n d itio n s  u s e d ,  p o s s ib ly  by 
ac tin g  a s  a  s o u rc e  of e n e rg y  f o r  c o n v e rs io n  of ad en in e  to  A T P  
fo r  i t s  su b se q u e n t in c o rp o ra t io n  in to  RNA,
T h e  e f fe c t of TSH a t  v a r io u s  c o n c e n tra t io n s  (0 ,0 1 , 0 .1  
and  1 ,0  i . u , / m l )  on th e  u p ta k e  of ( G) ad en in e  in to  n u c le a r  RNA 
w as  th e n  s tu d ie d  o v e r  a  4 0 -m in*  in c u b a tio n  ixeriod . F ig ,  20 
show s th a t  th e  in c o rp o ra t io n  of la b e lle d  a d en in e  i s  s e n s i t iv e  to  
th e  p r e s e n c e  of TSH in  th e  in c u b a tio n  m e d iu m . In c r e a s in g  le v e ls  
of TSH r e s u l t e d  in  a  s t im u la t io n  of ad en in e  in c o rp o ra t io n  in to  RNA 
w h ich  w as  ro u g h ly  p ro p o r t io n a l  to  th e  lo g a r i th m  of th e  d o se  ad d ed  
(F ig , 20). A TSH c o n c e n tra t io n  of 0 , 1 i .  u . / m l w as  u s e d  th ro u g h o u t
14
C - A d c n i n <2 U p t a k e  b y  R N A  o f
I n c u b a t e d  T h y r o i d  N u c l e i .
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U p t a k e  o f  ( C) a d e n i n e  b y  t h e  R N A  o f  t h y r o i d  c e l l  n u c l e i  i n c u b a t e d  in  t h e
p r e s e n c e  o r  a b s e n c e  o f  g l u c o s e .  E a c h  p o in t  i s  t h e  m e a n  r e s u l t  o f  t w o  
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F i g .  20
U p t a k e  of  ( C) a d e n i n e  b y  th e  R N A  of  t h y r o i d  c e l l  n u c l e i  d u r i n g  
i n c u b a t i o n  o f  i s o l a t e d  n u c l e i  w i t h  TSH  at v a r i o u s  c o n c e n t r a t i o n s  
(O. 0 1 ,  0 . 1  o r  1 . 0  i . u ,  / m l .  ) .  E a c h  p o in t  i s  t h e  m e a n  r e s u l t  o f  tw o  
e x p e r i m e n t s  p e r f o r m e d  i n  d u p l i c a t e .
-4 6,4.1'
th e  r e m a in d e r  of th e  e x p e r im e n ts  and  i t  w as  fo u n d  th a t  th is
c o n c e n tra t io n  of TS.H c a u s e d  a  s ig n if ic a n t i n c r e a s e  in  th e  uptal^e
of (^^C) ad e n in e  in to  th e  RNA of s h e e p - th y ro id  n u c le i  (P < 0*05).
In  one e x p e r im e n t  s h e e p - th y ro id  n u c le i w e re  in c u b a te d  w ith
TSH o r  b o v in e  s e r u m  a lb u m in  a t a  p ro te in  c o n c e n tra t io n  (100p.gy ml^
e q u iv a le n t to  th a t  of TSH (O, 1 i# u , / m l) a long  w ith  c o n tro l  s a m p le s ,
14and  th e  u p ta k e  of ( C) ad en in e  in to  RNA a g a in  m e a s u r e d .  T a b le  
13 show s th a t  a d d itio n  of b o v in e  s e ru m  a lb u m in  to  th e  in c u b a tio n  
m e d iu m  h a d  no e f fe c t on ad e n in e  u p tak e  a lth o u g h  th e  in c r e a s e  
in  u p tak e  due to  TSH w as  a g a in  a p p a re n t ,  and  th u s  i t  a p p e a rs  
th a t  th e  TSH e ffe c t ca n n o t be  a t t r ib u te d  to  so m e  n o n - s p e c if ic  
r e a c t io n  o c c u r r in g  on th e  a d d itio n  of p ro te in  to  th e  in c u b a tio n  
m ed ium * A lso  w hen  r a t - l i v e r  n u c le i  w e re  in c u b a te d  in  th e  
p r e s e n c e  o r  a b s e n c e  of TSH u n d e r  th e  s a m e  e x p e r im e n ta l
14
co n d itio n s  n# in c r e a s e  in  ( C) ad en in e  in c o rp o r a t io n  in to  r a t -  
l iv e  r  n u c le a r  RNA w as  o b s e rv e d  (Fig* E l) . T h u s  th e  TSH e f fe c t 
d o es  n o t a p p e a r  to  be  a  g e n e ra l  one fo r  i s o la te d  n u c le i .
T h e  in c r e a s e d  in c o rp o ra t io n  of (^^C) f o rm a te  in to  RNA 
ad en in e  p r e p a r e d  f ro m  a  c ru d e  n u c le a r  f r a c t io n  of c a l f - th y ro id  
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14E f f e c t  of  T S H  (O. 1 i . u . )  on  th e  u p ta k e  o f  ( C) a d e n i n e  
14
, in to  R N A  and  ( C) l e u c i n e  in to  p r o t e i n  d u r i n g  i n c u b a t i o n  
of  i s o l a t e d  r a t - l i v e r  n u c l e i .  E a c h  p o in t  i s  t h e  m e a n  
r e s u l t  f r o m  t w o  e x p e r i m e n t s .
X23
by H a ll  (1963), w ho a t t r ib u te d  th is  e ffe c t to  m o r e  r a p id
fo rm a tio n  of p u r in e  n u c le o tid e s  f o r  KNA sy n th e s is*  In  o r d e r
to  d e te rm in e  w h e th e r  th e  a c tio n  of TSH on RNA s y n th e s is
r e s id e d  in  th e  p a th w a y ^  le a d in g  f ro m  f r e e  b a s e  (e*g* aden ine)
to  n u c le o s id e  tr ip h o s p h a te  o r  oh th e  su b se q u e n t s y n th e s is  of
RNA f ro m  th e  n u c le o s id e  t r ip h s p h a te a ,  a h e e p * th y ro id  n u c le i
w e re  in c u b a te d  w ith  P ) IJT P  (O i4 p m o les , 4 % 10 c o u n ts /
14m in . / p m o le ) in  p la c e  of th e  ( G) ad en in e jr u n la b e lle d  A T P ,
G T P  and  G X P w e re  a ls o  ad d ed  in  e q u im o la r  p ro p o r t io n s  to
th e  in c u b a tio n  m ix tu re*  T a b le  14 show s th a t  TSH in d u c ed
32abou t th e  s a m e  in c r e a s e  in  u p ta k e  of ( P ) U M P f ro m  th e
la b e l le d  Ü T P  in to  RNA in  th e  p r e s e n c e  of th e  o th e r  n u c le o s id e
tr ip h o s p h a te s  a s  o b s e rv e d  w hen  n u c le i w e re  in c u b a te d  w ith  
yl4 /  '( C) ad e n in e  alone* A lso  th e  ad d itio n  of tlie  4 n u c le o s id e
tr ip h o s p h a te s  (0* 4 p m o le s  of each) to  th e  in c u b a tio n  m e d iu m
14 '
e n h a n c e d  th e  in c o rp o ra t io n  of ( C) ad en in e  in to  n u c le a r  RNA 
of bo th  c o n tro l  an d  T S H - tr e a te d  s a m p le s  and  d e c r e a s e d  th e  
in c re m e n t  in  ad en in e  u p tak e  in to  n u c le a r  RNA c a u s e d  by TSH . 
T h u s  i t  w ou ld  a p p e a r  th a t  TSH s t im u la te s  th e  s y n th e s is  of RNA 
f ro m  i t s  n u c le o s id e  tr ip h o s p h a te  p r e c u r s o r s *  H o w ev er th e
Ml






























































































































r e s u l t s  do n o t e l im in a te  th e  fo rm a tio n  of r ib o n u c le o tid e s  f ro m  
th e  c o r re s p o n d in g  b a s e s  a s  a  p o s s ib le  s i te  of TSH a c tio n .
U p tak e  of (^^C) L e u c in e  in to  P r o te in  by I s o la te d  N u c le i
T h e  in h ib itio n  by p u ro m y c in  of th e  a c tio n  of TSH on RNA 
s y n th e s is  in  th y ro id  s l i c e s  (T ab le  11) s u g g e s ts  th a t  th e  h o rm o n e  
m ay  f i r s t  a f fe c t th e  s y n th e s is  of n u c le a r  p r o te in .  T h y ro id  
n u c le i w e re  th e r e f o r e  in c u b a te d  w ith  (^^C) le u c in e  in  th e  
p r e s e n c e  o r  a b s e n c e  of TSH (O .l i . u . )  in  o r d e r  to  t e s t  th is  
h y p o th e s is  (F ig . 22). H o w ev er i t  can  be s e e n  f ro m  F ig .  22 
th a t  th e  a d d itio n  of TSH to  th e  in c u b a tio n  m e d iu m  h a d  no 
s ig n if ic a n t e f fe c t on  le u c in e  in c o rp o ra t io n  in to  to ta l  n u c le a r  
p ro te in ,  a lth o u g h  th é  s a m e  d o se  in c r e a s e d  th e  u p ta k e  of (^ ^C) 
ad en in e  in to  th y ro id  n u c le a r  RNA by abou t 60% o v e r  th e  sa m e  
tim e  in te r v a l  (F ig . 20). T h u s , u n d e r  th e  e x p e r im e n ta l  
c o n d itio n s  u s e d , TSH d o es  n o t h av e  a  g e n e ra l  e f fe c t  on sh eep *  
th y ro id  n u c le a r  p ro te in  s y n th e s is .  A lso  w hen  r a t* l iv e r  n u c le i 
r e p la c e d  s h e e p - th y ro id  n u c le i  in  th e  in c u b a tio n , TSH h a d  no 
e f fe c t on th e  u p ta k e  of (^^C ) le u c in e  in to  r a t* l iv e r  n u c le a r  
p ro te in  (F ig . 21).
14A d d itio n  of p u ro m y c in  (lOOpg) a long  w ith  ( G) le u c in e  
w as found  to  in h ib it  th e  u p ta k e  of le u c in e  in to  n u c le a r  p ro te in
14C-Leucine U p take  by P ro te in










77/770 o f  /ncudat/on Cm/n.)
F i g .  22
.14
U p t a k e  o f  ( C) l e u c i n e  by  t h e  p r o t e i n  o f  t h y r o i d  c e l l  n u c l e i  d u r in g  
i n c u b a t i o n  o f  i s o l a t e d  n u c l e i  w i t h  TSH  at  a c o n c e n t r a t i o n  of  0 .  1 i . u .  / m l .  
E a c h  p o in t  i s  t h e  m e a n  r e s u l t  o f  t h r e e  e x p e r i m e n t s  p e r f o r m e d  i n  d u p l i c a t e
by  abou t 60% a f te r  ^0 m in* and  by abou t T4% a f te r  $0 in in .
in c u b a tio n  in  bo th  c o n tro l  and  TSH "^treated  n u c le i  (T a b le  15)*
14T h e  e f fe c t of a c tin o m y c in  D (10|jig) on th e  u p tak e  of ( C) 
le u c in e  in to  th y r o id  n u c le a r  p r o te in  w ae a ls o  in v e s tig a te d *  T h e  
r e s u l t s  o b ta in e d  a r e  show n in  T a b le  IB* and  a g a in  ho d if fe re n c e  
i s  a p p a re n t  b e tw e e n  th e  c o n tro l  and  T S H '• tre a te d  sa m p le s*  A lso  
i t  can  bo s e e n  th a t  a c tin o m y c in  t> u n lik e  p u ro m y c in  only  in h ib its  
th e  u p tak e  of ( G) le u c in e  in to  n u c le a r  p ro te in  by abou t 27% b ;
ovex' a  60 - m in .  in c u b a tio n  period*
14 ' '  ^ ‘
E ffe c t of In h ib i to r s  on  ( G) A den ine  U p take  in to
RNA by S h e e p -T h y ro id  N u c le i
T h e  a c tio n  o$ p u ro m y c in  and  a c tin o m y c in  D oh RNA
s y n th e s is  by i s o la te d  n u c le i  w e re  in v e s t ig a te d  u n d e r  two co n d itio n s
of incubation*  P u ro m y c in  6 r  a c tin o m y c in  D w e re  ad d ed  along  
14w ith  th e  ( C) ad en in e  and  TSH , o r  e ls e  th e  n u c le i  w e re  in c u b a te d
w ith  th e  in h ib i to r s  fo r  10 o r  20 min* b e fo re  th e  a d d itio n  of la b e l
an d  h o rm o n e*  T a b le s  16 an d  17 show  th a t  th e  ad d itio n  o f p u ro m y c in
14
(lOOpg) a long  w ith  th e  ( C) ad e n in e  and  TSH d id  n o t a f fe c t in ­
c o rp o ra t io n  in to  th e  RNA of th e  c o n tro l n u c le i  a t  any t im e  up to  
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TSH iv o m  iO m in* inciifoation o n w ard s  a lth o u g h  p u ro m y c in  on ly
in h ib its  n u c le a r  p ro te in  s y n th e s is  by abou t 60% a t th is  t im e
in te rv a l  (T a b le  15)* T h is  c o n f irm s  th e  c o n c lu s io n s  d raw n  f ro m
th e  t iS s u e ^ s l ic e  o K p erim e n ts  (T a b le  11) th a t  th e  in c r e a s e d  in-*
.14
c o rp o ra t io n  Of (  C) ad e n in e  r e q u ir e d  p r e l im in a r y  s y n th e s is  
o f 'p ro te lhw
Ï T h e  a d d itio n  of a c tin o m y c in  I) (10|^g) to  n u c le i  a t th e  
s a m e  t im e  a s  a d d itio n  of TSH and  (^^C) ad en in e  r e s u l te d  in  a  
d e p re s s io n  of ad en in e  u p ta k e  in to  th e  RHA of b o th  c o n tro l  and  
T S H - tre a te d  n u c le i th ro u g h o u t in c u b a tio n  (T a b le s  16 and  17), 
H o w ev er i t  c a n  be Seen f ro m  T a b le s  16 a n d  17 th a t  a c tin o m y c in  
D re d u c e d  th e  in c r e a s e d  in c o rp o ra t io n  o f ad e n in e  in to  n u c le a r  
,RNA c a u s e d  by ad d itio n  of TSH only  in  p ro p o r t io n  to  i t s  e f fe c t 
on  ad en in e  u p tak e  by th e  RHA of th e  c o n tro l n u c le i .  T h is
in d ic a te s  th a t  a c tin o m y c in  D ad d ed  to  th e  n u c le i  a long  w ith
1*4 ' " ■( C) ad en in e  d o es  n o t a f fe c t th e  in c r e a s e  in  a d en in e  up ta lœ  
c a u s e d  by TSH to  a  g r e a t e r  ex ten t th a n  tits  e f fe c t on g e n e ra l  
ad en in e  u p ta k e  in to  n u c le a r  RNA. T h is  la c k  of e f fe c t of 
a c tin o m y c in  D co u ld  be due to  a  g r e a t e r  r a te  of p e n e tra t io n  and  
a c tio n  of TSH ad d ed  a t  th e  s a m e  tim e  a s  th e  in h ib i to r .  A c c o rd in g ly ,
n u c le i w e re  p re in c u b a te d  w ith  a c tin o m y c in  D o r  p u ro m y c in  fo r
,14  .
10 o r  20 m in . b e fo re  th e  ad d itio n  of TSH an d  ( C) a d e n in e . 
T a b lé s  l6  and  17 show  th a t  s im i la r  r e s u l t s  w e re  o b ta in e d  a t 
bo th  t im e  in te r v a l s ,  and  th a t  p re in c u b a tio n  w ith  e i th e r  
a c tin o m y c in  D o r  p u ro m y c in  in h ib ite d  th e  a c tio n  of TSH on  
ad en in e  in c o rp o ra tio n *  T h e s e  f in d in g s  s u g g e s t th a t  th e  e ffe c t 
of TSH on n u c le a r  RNA m e ta b o l is m  is  bo th  a c tin o m y c in  D -and  
p u ro m y c in " s e n s i t iv e ,  and  th u s  m ay  in v o lv e  de novo s y n th e s is  
of liN A  an d  of p ro te in .
S u c ro s e  D e n s ity  G ra d ie n t A n a ly s is  of RNA f ro m  
P u r i f ie d  S h e e p " T h y ro id  N u c le i
A b s o rp tio n  p ro f i le s  a t 260m p of s a m p le s  of RNA f ro m  
sheep*^thyro id  n u c le i  p r e p a r e d  e i th e r  by th e  s u c r o s e  o r  c i t r i c  
a c id  p r o c e d u r e s  a r e  show n in  P ig ,  23. I t  c a n  be s e e n  f ro m  
F ig .  23 th a t  th e  RNA p r e p a r e d  f ro m  ''su c ro se * ' n u c le i is  
p a r t ia l ly  d e g ra d e d  e s p e c ia l ly  in  th e  re g io n  of th e  h e a v ie r  
r ib o s o m a l co m p o n en t w ith  a  c o r re s p o n d in g  in c r e a s e  in  RNA 
of s m a l le r  m o le c u la r  w e ig h t in  th e  re g io n  of sR N A . A lso  w hen  
RNA w as  is o la te d  f ro m  " s u c r o s e "  n u c le i w h ich  h a d  p re v io u s ly  
u n d e rg o n e  in c u b a tio n  a t 37^ fo r  30 m i n . , th e  RN A  w as  found
EXTINCTION PROFILES AT 260 OF R N A  PREPARED









F i g ,  23
R N A  w a s  p r e p a r e d  f r o m  s h e e p - t h y r o i d  n u c l e i  w h i c h  h a d  
b e e n  p u r i f i e d  u s i n g  e i t h e r  th e  s u c r o s e  o r  t h e  c i t r i c  a c i d  
p r o c e d u r e .  S a m p l e s  o f  R N A  (100  p g . )  w e r e  l a y e r e d  on  
to  4 . 6  m l .  l i n e a r  s u c r o s e  d e n s i t y  g r a d i e n t s  (3 -25% ) and  
c e n t r i f u g e d  f o r  3 h r .  a t  1 2 5 , 0 0 0  g.  T h e  u l t r a v i o l e t  
a b s o r p t i o n  (at  260  m p )  of  t h e  g r a d i e n t s  w a s  t h e n  r e c o r d e d  
a u t o m a t i c a l l y .  T h e  b r o k e n  l i n e  r e p r e s e n t s  th e  e x t i n c t i o n  
p r o f i l e  o f  R N A  p r e p a r e d  f r o m  " c i t r i c  a c id "  n u c l e i  and  th e  
u n b r o k e n  l i n e  t h a t  f r o m  " s u c r o s e "  n u c l e i .
to  be m u c h  m o re  d e g ra d e d  w ith  a  v e ry  s m a ll  am o u n t of h eav y  
RHA an d  an  a c c u m u la tio n  of d e g ra d a tio n  p ro d u c ts  in  th e  re g io n  
of sR H A , In  c o n t r a s t  to  th e  RNA p r e p a r e d  f ro m  " s u c r o s e "  n u c le i ,  
th e  RNA p r e p a r e d  f ro m  th e  " c i t r i c  a c id "  n u c le i  w as  r e la t iv e ly  
u n d e g ra d e d  a s  show n in  F ig* Z3. T h is  i s  p ro b a b ly  due to  
in h ib itio n  of r ib o n u c le a s e  a c tiv ity  by th e  a c id ic  co n d itio n s  u s e d  
d u rin g  n u c le a r  iso la tio n ^  w h e re a s  d u rin g  th e  p r e p a r a t io n  and  
in c u b a tio n  of " s u c r o s e "  n u c le i ,  r ib o n u c le a s e  w a s  p re s u m a b ly  
n o t inh ib ited*  S in ce  th e  RNA f ro m  th e  " c i t r i c  a c id "  n u c le i w as 
m u c h  l e s s  d e g ra d e d , i t  m ig h t be th o u g h t th a t  n u c le i  p r e p a r e d  by 
th is  m e th o d  w ou ld  be b e t te r  f o r  ih  v i t r o  s tu d ie s  on RNA s y n th e s is  
and  tu rn o v e r*  T h is  h o w e v e r  i s  n o t th e  c a s e  s in c e  n u c le i p r e p a r e d  
by th e  c i t r i c  a c id  p ro c e d u re  a r e  n o t s a t i s f a c to r y  f o r  m e ta b o lic  
s tu d ie s  due to  th e  a c id ic  co n d itio n s  em p lo y ed , w h ich  d am ag e  th e  
n u c le i and  a ls o  r e s u l t  in  lo s s  of a c id - s o lu b le  n u c le a r  m a te r ia l  
(S ie b e r t an d  S m e ll ie ,  195?) *
R ib o n u c le a se  A c tiv ity  of S h e e p -T h y ro id  N u c le i
" S u c ro s e "  n u c le i  w e re  in c u b a te d  in  th e  p r e s e n c e  o r  a b s e n c e  
of TSH (0* 1 i* u .)  fo r  v a r io u s  le n g th s  of t im e  up  to  1 hr*  as 
d e s c r ib e d  p re v io u s ly , and  th e  RN A /D N A  an d  p ro te in /D N A  
ra t io s  m e a s u r e d  in  e a c h  c a s e .  I t  w as  found  th a t  th e  RN A /D N A
7'
r a t io  f e l l  p r o g r e s s iv e ly  th ro u g h o u t th e  p e r io d  of in c u b a tio n  
( f ro m  0*22 to  0 . l8 ) |o v er 1 h r ; )#  w h e re a s  th e  p ro te in /D N A  
r a t io  d id  n o t v a ry  m u c h  ( f ro m  3*2 to  3*0 o v e r  1 h r # ) an d  
th e r e  w a s  no d e te c ta b le  d if fe re n c e  b e tw e en  tlie  c o n tro l  and  
T S H - tr e a te d  s a m p le s .  I f  i t  i s  a s s u m e d  th d t DMA is  n o t lo s t  
to  any a p p re c ia b le  e x te n t d u rin g  incubation#  th e  am o u n t of
ENA in  i s o la te d  s h e e p - th y ro id  n u c le i d e c r e a s e s  by ab o u t 18%
' ' : ; '
a f te r  in  v i t r o  in c u b a tio n  fo r  1 h r . , and  th is , d e g re e  of EN A  
lo s s  i s  s im i la r  to  th a t  r e p o r te d  by A llf re y  an d  M ir  sk y  (1957) 
f o r  c a lf - th y m u s  n u c le i .  T h e  n a tu re  of th e  en?iym es r e s p o n s ib le  
f o r  th is  r ib o n u c le a s e  a c tiv i ty  h av e  n o t y e t  b e e n  c h a r a c te r i a e d  
and  no s a t i s f a c to r y  m e a n s  o f in h ib itin g  th is  a c t iv i ty  w a s  know n. 
U T P -D e p h o sp h o ry la tin g  A c tiv ity  of S h e e p -T h y ro id  N u c le i 
I t  h a s  b e e n  show n th a t  rafc-liver n u c le i ,  p u r if ie d  by 
c e n tr ifu g a tio n  thi*ough d e n se  su c ro se #  c o n ta in  e n z y m e s  w h ich  
d e p h o s p h o ry ia te  r ib o n u c le o s id e  t  r  ipho  s p h a #  s dn an  i l l -d e f in e d  
m a n n e r  (R ee s  an d  R o w lan d , 1961; R e id , E l - A a s e r ,  T u r n e r  
and  S ie b e r t ,  1964; S ie b e r t  and  H u m p h re y , 1965)# T h e  le v e l  
o f th is  a c t iv i ty  w as  m u ch  g r e a t e r  th a n  th e  r e l e a s e  of p y ro p h o sp h a te  
f ro m  n u c le o s id e  t r ip h o s p h a te s  d u rin g  RNA s y n th e s is .  T h u s  th e
clephosx^horylatiBg a c t iv i ty  co u ld  a f fe c t RNA s y n th e a ia  in
ill v i t r o  s y s te m s  u s in g  i s o la te d  n u c le i by  d e p le tin g  th e  n u c le i
o f RNA i iy e c u r s o r s  in  th e  f o rm  of n u c le o s id e  t r ip h o s p h a te s ,
a n d  a ls o  TSH co u ld  a c t  by ch an g in g  th e  r a te  of th is  p r o c e s s .
T h is  a c tiv i ty  w as  th e r e f o r e  m e a s u r e d  d u r in g  in  v i t r o  in c u b a tio n s
of sh e  ep  -  th y  r  o l d n u c le i . In c u b a tio n s  w e re  c a r r i e d  ou t f o r  0 o r
15 miî\» a t 379 in  th e  p r e s e n c e  qv a b s e n c e  o f TSH {0.1  i . u . )  to
32s tu d y  th e  d ep h o ap h o ry la tio m  of ( P ) Ü T P  la b e l le d  in  th e  
^% >ho0p h o ru s  a to m s*  T h e  r e s u l t s  of th e  c h ro m a to g ra m , s c a n s  
o f z e ro  tim e , an d  In c u b a te d  s a m p le s  a r c  show n in  F ig .  24.
E a c h  iScan re p re s c ïU s  th e  m e a n  of fo u r  s a m p le s  in c u b a te d  unde?; 
id e n t ic a l  c o n d it io n s . I t  c a n  be s e e n  th a t  sheex:>-thyroid n u c le i 
p o s s e s s  c o n s id e ra b le  lîT’P -d o p h o s p h o ry la tin g  a c t iv i ty ,  w hen  
c o m p a r is o n  is  m a d e  of th e  z e r o  t im e  s a m p le  an d  th a t  in c u b a te d  
fo r  15 m in # , a n d  th a t  th is  i s  f a r  in  e x c e s s  of th e  am o u n t of Ü T P  
w h ich  i s  u t i l iz e d  d u r in g  RNA sy n th o s iB . A3.so th e r e  w as  found  
to  bo no d e te c ta b le  d if fe re n c e  b e tw e en  th e  c o n tro l  an d  T 8 H - 
t r e a te d  s a m p le s .  A bout éO% of th e  U T P  |> ro sen t a t  th e  a t a r i  
o f in c u b a tio n  w a s  d e p h o s p h o ry la te d  o v e r  th e  15-m in# in c u b a tio n  
p e r io d ,  an d  s in c e  0 .0 4 p m o le a  'P )  tTTP wesze in i t ia l ly
32P ACTIVITY OF CHROMATOGRAIVIS OF THE PH O SPH A T E S OF
URIDINE AND INORGANIC PHOSPHATE ISOLATED AFTER 




DISTANCE FROM ORIGIN (cm.)
F ig .  24
A l i q u o t s  o f  s h e e p - t h y r o i d  n u c l e i  w e r e  i n c u b a t e d  w i t h  
3 2
(pîf-  P )  U T P  f o r  0 and  15 m i n .  r e s p e c t i v e l y .  T h e  a c i d -  
s o l u b l e  f r a c t i o n s ,  c o n t a i n i n g  th e  p h o s p h a t e s  o f  u r i d i n e  
a n d  i n o r g a n i c  p h o s p h a t e ,  w e r e  t h e n  p r e p a r e d  and  a l i q u o t s  
o f  e a c h  u s e d  f o r  c h r o m a t o g r a p h y .  T h e  c h r o m a t o g r a m s  
w e r e  e x a m i n e d  i n  u l t r a v i o l e t  l i g h t  and  s t a i n e d  f o r  p h o s p h a t e
o p
b e f o r e  s c a n n i n g  a u t o m a t i c a l l y  f o r  p .  T h e  u n b r o k e n  l i n e  
r e p r e s e n t s  th e  z e r o  t i m e  s a m p l e ,  a n d  th e  d o t t e d  l i n e  th e  
s a m p l e  w h i c h  w a s  i n c u b a t e d  f o r  15 m i n .
p re se n t,-  th is  r e p r e s e n t s  a  dephosphox^ylation  o£ ,0 .024pm oleG
la b e l le d  U T P  o v e r  th e  15 m in , ■ p e r io d .
C o m m en t on th e  R e s u lts  obtaixied 
u s in g  I s o la te d  N u c le i
T h e  in  v i t r o  s tu d ie s  c a r r i e d  ou t d e m o n s tr a te  th a t
Xis o la te d  sheep -* thy ro id  n u c le i a r e  ab le  to  in c o rp o r a te  ( C) 
le u c in e  in to  p ro te in  and  KNA p r e c u r s o r s  in to  RNA a s  do n u c le i 
f ro m  cal£-*thym us o r  ra t- s liv e r  t i s s u e  (A llf re y , M ir  sky  and  
O saw a , 1957; R oodyn , 1963), I t  w as a ls o  fou n d  th a t  th e  
u p ta k e  of (^^C) ad en in e  in to  RNA by is o la te d  s h e e p - th y ro id  
n u c le i  w as  s e n s i t iv e  to  th e  p r e s e n c e  of TSH in  th e  in c u b a tio n  
m e d iu m , th e  e f fe c t b e in g  ro u g h ly  p ro p o r tio n a l to  th e  lo g a r i th m  
of the  a m o u n t of TSH ad d e d  ( F ig  ^ 20), T h is  s t im u la t io n  of 
ad e n in e  u p ta k e  d o es  no t a p p e a r  to  be due to  so m e  n o n -s p e c if ic  
r e a c t io n  o c c u r r in g  on th e  a d d itio n  of p ro te in  to  th e  in c u b a tio n  
m e d iu m  s in c e  b o v in e  s e ru m  a lb u m in  ad d ed  a t  an  e q u iv a le n t 
p ro te in  c o n c e n tra t io n  to  th e  TSH h o rm o n e  h a d  no e f fe c t on th e  
in c o rp o ra t io n  of la b e l le d  ad e n in e  in to  RNA (T a b le  13), A lso  r a t -  
l iv e  r  n u c le i in c u b a te d  u n d e r  s im i la r  c o n d itio n s  w e re  no t r e s p o n s iv e  
to  TSH (F ig , 21), T h u s s h e e p - th y ro id  n u c le i  a p p e a r  to  p o s s e s s
i. ^  -
so m e  s p e c ia l i s e d  m e c h a n ia m  w h e reb y  th ey  can. re s p o n d  to  th e  
p r e s e n c e  o£ TSH by a l te r in g  th e i r  RNA m e ta b o l ia n i .
B e fo re  a c c e p tin g  .th ese  fin d in g s  a s  u n e q u iv o c a l, so m e
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p o s s ib le  f a l la c ie s  m u s t  be c o n a id e re d . S in ce  ( C) ad en in e  
w as u s e d  a s  th e  RNA p r e c u r s o r ,  i t  is  a lw ay s p o s s ib le  th a t 
TSH co u ld  c a u s e  th e  i n c r e a s e 'i n  in c o rp o ra t io n  in to  RNA by 
a l te r in g  th e  r a te  of tu rn o y e r  of th e  th r e e  t e r m in a l  -G G Â  
n u c le o tid e s  of tR N A  w ith o u t any e ffe c t on D N A -d ep en d en t 
RNA s y n th e s is ,  H o w ev er th e  e x p e r im e n ts  u s in g  a c tin o m y c in  D , 
w h ich  in h ib i ts  D N À -d ep en d en t RNA s y n th e s is  b u t n o t -C C A  
te rm in a l  tu r n o v e r  of tR N A , r u le s  ou t th is irp o s s ib i l i ty ,  and  in  
ad d itio n  T$H  w as found  to  in c r e a s e  the  u p tak e  of U T P
in to  n u c le a r  RN A . T h is  l a t t e r  o b s e rv a tio n  i s  c o n t r a ry  to  th e  
p o s tu la te  pu t fo rw a rd  by H a ll  (1943) th a t  th e  e f fe c t  of TSH on 
th y ro id  RNA m e ta b o l is m  i s  on th e  supp ly  of a v a ila b le  r ib o s e  
fo r  fo rm a tio n  of RNA p r e c u r s o r s .  A lso  if  th is  p o s tu la te  ex p la in s  
th e  a c tio n  of TSH on (^ *C) ad en in e  u p tak e  , th e  a d d itio n  of 
n u c le o s id e  tr ip h o s p h a te s  sh o u ld  e l im in a te  th e  e f fe c t  of TSH
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on ad e n in e  u p ta k e  by p ro v id in g  an  e x c e s s  of r e a d y -m a d e  
n u c le o tid e s . H o w e v e r , w hen  n u c le o s id e  t r ip h o s p h a te s  w e re
a d d e d  to  th e  inctxbation  .m ed iu m , th e y  d ec ro a ae c l b u t d id  n o t
a b o lis h  th e  TSH -  do p en d e n t ad e n in e  uptalce in to  RN A  (T a b le  14)
a lth o u g h  th e y  in c r e a s e d  s l ig h tly  th e  in c o rp o ra t io n  in to  th e  RNA
o£ bo th  c o n tro l  an d  T S H - tr e a te d  a am p le  a ^  . A ls o , w hen  P )
U T P  w as u s e d  a s  RNA precuraox* , th e  m a g n itu d e  of th e
s t im u la t io n  in  u p ta k e  in to  RNA c a u s e d  by TSH in  th e  p r e s e n c e
of e q u im o la r  a m o u n ts  of A T P , C T P  an d  OT]? w a s  s im i l a r  to
14th a t o b ta in e d  u s in g  only  ( C) ad en in e  (T ab le  14). S heep -thy i*o id
n u c le i  c a n  d e p h o s p h o ry ia te  U T P  to  a  c o n s id e ra b le  e x te n t by
p r o c e s s e s  n o t in v o lv in g  RNA s y n th e s is  (F ig , 24) an d  th u s  th e  
32cvmoxmt p£ (oC^  P ) U T P  p r e s e n t  in  a s s a y s  of u p ta k e  in to  RNA
co u ld  be r a t e  •^lim iting due to  d é p h o s p h o ry la tio n . H o w ev er th e  
32am o u n t o f (pG P ) U T P  (0 .4 p m o le s )  ad d ed  to  th e  in c u b a tio n
m e d iu m  d u r in g  s tu d ie s  of u p ta k e  in to  RNA w as  f a r  in  e x c e s s  of
th e  a m o u n t b e in g  clephoaphoi’y la ted ’O ver th e  20 '^m in , in c u b a tio n
32X>eriod a s  show n by th e  s tu d ie s  u s in g  (p ) f -  P ) U T P  d e s c r ib e d
a b o v e . T im e th e  am o u n t of (cG P ) UTP^ re m a in in g  in  th e  
in c u b a tio n  m e d iu m  co u ld  n o t h a v e  b ee n  r a te - l im i t in g  d u rin g  
th e  s tu d ie s  on  RN A  s y n th e s is .
I t  w a s  found  th a t  RNA io being  d e g ra d e d  to  a c id - s o lu b le
products-throughout the co u ree of n u c lea r  Incubation w ith  
a lo s s  of about 18% from  sh eep -th y ro id  Bh'clei o v er  a, I -h r ,  
period* F r o m  s u c r o se  d en sity  grad ient a n a ly s is -o f  -purified
'Çh0èpHhyroid-.m tcl0ar RHA {F ig . 23} it ap pears that the..-heavier
. . _ - - '■ ■• - 
r ib o so m a l com ponent i s  e s p e c ia lly  s e n s it iv e  to  degrad ation .
;'ThUS the m e a su r e d  uptabo of labeUedx^ recu r s o r s  irito; RNA of
ipolat'ed sheep^ thyroid  n u c le i w ill  be the resu lt, o f both the
' synthetic,,.and degradati%?e -reactions- of RNA o ccu rr in g  during
in c u b a tio n  in  v i t r o *
- ■,' U ptake of--{ "C)-letxcine in to .to ta l tmcleax* p rotein  w ae "
found to  be unaffected  by the p resen ce  of TSH in  the incubation
m ix tu re  (F ig . 2 2 ). H o w ev er , th is  does not exclu d e an action
of TSH  lim ite d  to  ayntheais Of one n u c lea r  |>rotem  o in ce the
resulting' in c r e a s e  in  là u cin e  inco'rporation w ould  be top sm a ll
to be d e tec ted  under the con d itions u sed . ■ ^C) le u c in e  xiptake into
the p ro te in  of eheep^^thyroid h u cl e i w as foùnd.to foe'inhibited in
the p r e se n c e  o f purom ycin  by about 74% of the appropriate
con tro l sa m p le s  incubated  w ith or without TSH o v er  a l^ h r .
p er io d  (T able IS ). P u rom ycin  at the sa m e con cen tra tion  v/as
found to  in liib it leu c in e  uptake into p rotein  o f ca lf-th y m u s n uclei
by  ab o u t 90% (A llf re y , L i t ta u  and  M ir  sk y , 1964), and  th u s
p u ro m y c in  doee n o t a p p e a r  to  be  a s  e f fe c tiv e  w hen  added  to  
is o la te d  ç h Q ê p -th y rq id  n u c le i ,  T h e  d e g re e  of in h ib itio n  of 
(^^C) le u c in e  in e o rp o ra .tio n  in to  n u c le a r  p r o te in  c a u s e d  by 
a c tin o m y c in  D oxmr th e  s a m e  t im e  in te rv a l  w a s  found  to  be  
m u ch  s m a l l e r ,  ab o u t 27% (T a b le  15). S im ila r  r e s u l t s - f o r  
th e  e f fe c t of a c tin o m y c in  D o n  th e  u p tak e  of la b e l le d  am in o  
a c id s  in to  th e  p ro te in  of oaU-tlxyimi© n u c le i  h a v e  b e e n  rex^orted 
by  A llf r e y ,  (196$). T h e  s m a ll  d e g re e  of in h ib itio n  on  
ac tim m ay cin  D t r e a tm e n t  s u g g e s ts  th a t ,  a f te r  D M A -dependent 
EN A  s y n th e s is  h a s  c e a s e d , th e re  is  s u f f ic ie n t m o a c o n g e r  ENA 
à y a ilà b lé  in  th e  n u c le i to  code f o r  p ro te in  s y n th e s is  f o r  so m e  
t im e . E i th e r  n u c le a r  m e s s e n g e r  RNA. i s  f a i r ly  s ta b le  w hen  
in v o lv e d  in  m tc ie a r  p r o te in  s y n th e s is ,  o r  e l s e  th e  n o rm a l 
c e l lu la r  m e a n s  of m e s s e n g e r  ENA b reak d o w n  i s  n o n -fu n c tio n a l.
In  co n n e c tio n  w ith  th is i  t r e a tm e n t  w ith  a c tin o m y c in  D p r io r  to  
n u c le a r  is o la t io n  h a s  b e e n  show n to  in h ib it  r ib o n u c le a s e  a c tiv i ty  
in  r a t - l i v e r  n u c le i  (S ie b e r t ,  V illaW b# E o , S te e le ,  L in c len m ay er 
a t  a l .  I 1966). I t  m a y  b e  a ls o  th a t  so m e  of th is  m e s s e n g e r  RNA 
i s  t r a n s f e r r e d  in  th e  in ta c t  c e l l  to  th e  ; c y to p la s m  w h e re  b reak d o w n  
of th e  m e s s e n g e r  c a n  o c c u r  a f te r  i t  h a s  co d ed  fo r  p ro te in .
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T h e  e f fe c ts  of pu^’o m y c iu  and  a c tin o m y c in  D on n u c le a r  
RNA m e ta b o l is m  w e re  a ls o  in v e s t ig a te d  (T a b le s -16 and  17). 
P u ro m y c in  ad d ed  a t  th e  s t a r t  of in c u b a tio n  w ith  la b e l le d  
ad en in e  an d  TSH wao found  to  in h ib it th e  e f fe c t of ad d ed  TSH 
on n u c le a r  RNA m e ta b o l is m  f ro m  10 min* in c u b a tio n  o n w a rd s .
T h is  i s  in  a g re e m e n t w ith  r e s u l t s  o b ta in e d  f ro m  th e  t i s s u e  s l ic e  , 
eexperim ents (T ab le  11) n a m e ly  th a t  th e  in c r e a s e d  in c o rp o ra t io n
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of ( C) ad en in e  in to  RNA C aused  by TSH a d d itio n  r e q u i r e s  
p i 'c l im ih a ry  s y n th e s is  of p ro te in .  H o w e v e r, i t  w as  found  th a t  
s h e e p - th y ro id  n u c le i h ad  to  be p re in c u b a te d  w ith  a c tin o m y c in  D 
b e fo re  th e  a d d itio n  of la b e l  and  h o rm o n e  in  o r d e r  to  in h ib it the  
a c tio n  of TSH on ad en in e  u^ptake. T he la c k  of im m e d ia te  e ffe c t 
of a c tin o m y c in  D Could be  due to  a g r e a t e r  r a te  of xpenetration and  
a c tio n  of TSH ad d ed  a t th e  s a m e  tim e  as  th e  in h ib i to r .
T h e s e  f in d in g s  s u g g e s t  th a t th e  e ffe c t of TSH  on n u c le a r  
RNA m e ta b o l is m  is  a c tin o m y c in  D -s e n s i t iv e  an d  th u s  m ay  invo lve  
th e  e y n tlie s is  of m e s s e n g e r  RNA w hich  p e rh a p s  co u ld  code fo r  a  
s p e c if ic  n u c le a r  p ro te in .  F r o m  th e  p u ro m y c in  s tu d ie s ,  i t  a p p e a r s  
th a t  s y n th e s is  of p ro te in  i s  a ls o  e s s e n t ia l  f o r  th e  a c tio n  of TSH on 
n u c le a r  RNA m e ta b o l is m . S in ce  th is  p ro te in  i s  n e c e s s a r y  fo r  th e
©tiimilàtory affect of TSH on general thyroid KMA synthesis, 
it  could perhaps be a DHA-dependent liMA polymerase .
(or polymerases). .
SUMMARY
1. When tissue slices of sheep thyroid were incubated 
with TSH and ( *G) adenine, it was found that TSH caused an 
increase in labelling of nuclear RNA and subsequently of 
cytoplasmic ENA, and that this increase was detectable
after 3 hr. incubation in all thyroid ENA fractions. This effect 
could be inhibited by inirpmycin and actinomycin D added along 
with TSH to the slices, and in consequence it appears that the 
action of TSH on thyroid RNA metabolism involves synthesis of 
RNA and protein,
2. A method has been detdaed for the isolation of xmrified 
sheex^-thyroid nuclei in reasonable yield* Nuclei prepared by 
this method are capable of incorporating isotopic ally-labelled  
amino’ acids into protein and RNA x^recursors into RNA.
3* , In Vitro Studies using Isolated Nuclei
(a) U ptake of labelled  recur sors into RNA U intake of 
Ç) adenine into the RNA of sheep-thyroid nuclei was reduced
w hen  g lu c o se  w as o m itte d  f ro m  th e  in c u b a tio n  m e d iu m . T he
X4in c o rp o ra t io n  of ( C) ad en in e  in to  n u c le a r  RNA w as a ls o  found  
to  foe s e n s i t iv e  to  th e  p r e s e n c e  of TBH in  th e  in c u b a tio n  m e d iu m . 
In c r e a s in g  le v e ls  of TSH r e s u l te d  in  a  s t im u la t io n  of ad en in e  
u p ta k e  w h ich  w as  ro u g h ly  p ro p o r tio n a l to  th e  lo g a r i th m  of th e  
d o se  ad d ed . R a t - l iv e r  n u c le i w e re  n o t r e s p o n s iv e  to  TSH u n d e r  
th e  s a m e  co n d itio n s  of in c u b a tio n , and  a d d itio n  o f p ro te in  
(bovine s e r u m  album in ) to  th e  in c u b a tio n  m e d iu m  h ad  no e ffe c t 
on ad e n in e  u p ta k e  in to  s h e e p - th y ro id  n u c le a r  RN A . TSH a lso
r  3 2S tim u la te d  th e  u p ta k e  of P ) U T P  in to  RNA in  th e  p re s e n c e
of th e  o th e r  u n la b e lle d  r ib o n u c le o s id e  t r ip h o s p h a te s ,  and 
ad d itio n  of a l l  fo u r  u n la b e lle d  r ib o n u c le o s id e  tr ip h o s p h a te s  to  
th e  in c u b a tio n  m e d iu m  d id  no t aat^qlièh. the  in c r e a s e  in  ad en in e  
u p ta k e  in to  n u c le a r  RNA c a u s e d  by TSH*
(b) U p tak e  of (^^C) L e u c in e  in to  P r o te in  A d d itio n  of TSH
14to  th e  in c u b a tio n  m e d iu m  h a d  no s ig n if ic a n t e f fe c t on ( ^C) 
le u c in e  in c o rp o ra t io n  in to  th e  p ro te in  of s h e e p - th y ro id  n u c le i 
u n d e r  in c u b a tio n  co n d itio n s  w h e re  i t  s t im u la te d  (^^C) ad en in e  
u p ta k e  in to  n u c le a r  RN A . P u ro m y c in  w as found  to  in h ib it the  
u p ta k e  of (^^C) le u c in e  in to  th y ro id  n u c le a r  p ro te in  by abou t
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74% o v e r  a  1 - h r ,  in c u b a tio n  p e r io d , w h e re a s  a c tin o m y c in  D 
only  in h ib ite d  le u c in e  u p ta k e  by ab o u t 27% o v e r  th e  sa m e  
t im e  in te r v a l .
(c) E ffe c ts  of In h ib ito r s  on ( C) A den ine U p tak e  in to  
EN A  of I s o la te d  S h e e p -T h y ro id  N u c le i P u ro m y c in
ad d ed  a t th e  s t a r t  of in c iib a tio n  w ith  (^^C) ad én ih e  ànd  TSH
w a s  found  to  in h ib i t  th e  e f fe c t of addèd  TSH on  n u c le a r 'R N A
m e ta b o l is m  f ro m  10 m in . in c u b a tio n  o n w a rd s . I t  w as  found
h o w e v e r th a t  s h e e p - th y ro id  n u c le i h a d  to  be  p re in c u b a te d  With
a c tin o m y c in  D b e fo re  th e  ad d itio n  of la b e l and  h o rm o n e  in
o r d e r  to  in h ib it  th e  a c tio n  of TSH on ad en in e  u p ta k e . T he
fin d in g s  s u g g e s t  th a t  th e  e a r l i e s t  e f fe c ts  of TSH on  n u c le a r
RNA m e ta b o l is m  a r e  b o th  p u ro m y c in -  and  a c tin o m y c in  D -
s e n s i t iv e  an d  th u s  m a y  in v o lv e  th e  s y n th e s is  of m e s s e n g e r
RNA w h ich  co u ld  th e n  code fo r  th e  s y n th e s is  of a  sp e c if ic
n u c le a r  p r o te in .
(d) R ib o n u c le a se  A c tiv ity  of I s o la te d  S h e e p ë T h y ro id  N u c le i 
D u rin g  in  v i t r o  in c u b a tio n  of is o la te d  s h e e p - th y ro id  n u c le i fo r
1 h r .  a t 37° ab o u t 18% of th e  to ta T n u c le a r  RNA is  d e g ra d e d  to  
a c id - s o lu b le  p ro d u c ts .  F r o m  s u c ro s e  d e n s ity  g ra d ie n t  a n a ly s is ,
i t  w as  found  th a t  th e  h e a v ie r  r ib o s o m a l RNA co m p o n en t
a p p e a re d  to  be  e s p e c ia l ly  s e n s i t iv e  to  d eg rad a tio n *
(e) U T P -D e p h o sp h o ry la tin g  A c tiv ity  of I s o la te d
S h e e p -T h y ro id  N u c le i I t  w as  found  th a t  i s o la te d  sheep-
th y ro id  n u c le i  l ik e  r a t - l i v e r  n u c le i co n ta in  e n z y m e s  w hich
d e p h o s p h o ry ia te  U T P  to  a  c o n s id e ra b le  e x te n t in  v i t r o . T he
le v e l  of th is  a c tiv i ty  w as found  to  be m u ch  g r e a t e r  th a n  th a t
r e le a s in g  p y ro p h o sp h a te  f ro m  U T P  d u rin g  RNA s y n th e s is .
SE C T IO N  nx
S tu d ie s  on  th e  D N A *dependent RNA P o ly m e r a s e  
A c tiv ity  of S h e e p -T h y ro id  N u c le i
IN TR O D U C TIO N  
S in c e  th e  d is  cove of W e iss  (I9 6 0 ) o f a  ra t"* iiv e r 
n u c le a r  e n z y m e  th a t  c a ta ly s e s  RNA s y n th e s is  by 
c o p o ly m e r iz a t io n  of n u c le o tid e s  d e r iv e d  f ro m  a l l  fo u r  
r ib o n u c le o s id e  tr ip h o s p h a te s #  e v id e n c e  h a s  a c c u m u la te d  th a t  
su c h  RNA p o ly m e ra s e s  (n u c le o s id e  tr ip h o sp h a te *  RNA n u c le o tid y l 
t r a n s f e r a s e  iS^G* 2* 7 .6 )  a r e  la rg e ly  i f  n o t s o le ^  I 'c sp o n s ib le  fo r
th e  b io s y n th e s is  of a l l  c e l lu la r  RN A s w h ich  a r e  c o m p le m e n ta ry  to  
s p e c if ic  r e g io n s  of th e  DNA g en o m e (G eiduschek#  N ak am o to  an d  
W eiss*  1961; R obinson* Hsu# F o x  an d  W eiss*  1964), tn  v ivo  
a d m in is t r a t io n  of c e r t a in  h o rm o n e s  su c h  a s  a n d ro g e n s  
(W illia m s-A sh m a n *  Liao* H an c o ck , J u rk o w ltz  an d  S ilv e rm a n , 
1964), o e s tro g e n a  (G orsk i*  1964) and  th e  th y r o id  h o rm o n e s  
(W idnell an d  T a ta ,  1963) hap  b ee n  found  to  in f lu e n c e  th e  D N A - 
d ep e n d en t RN A  p o ly m e ra s e  a c t iv i t ie s  of t h e i r  t a r g e t  t i s s u e s .
S uch  m e a s u r e m e n ts  h a v e  b e e n  m a d e  e i th e r  o n  i s o la te d  c e l l  
n u c le i  o r  on  " a g g re g a te "  e n z y m e  p r e p a r a t io n s  o f th e  ty p e  
d e s c r ib e d  by  W e iss  ( I9 6 0 ) , T h e  l a t t e r  c o n s is t  of n u c le o p ro te in  
g e ls  o b ta in e d  by e x p o s u re  of w a sh e d  c h ro m a tin  m a te r i a l  to  
h y p e r to n ic  K C l a t  low  te m p e r a tu r e s .  T h e  DNA th a t  i s  f i rm ly
bound  to  th e s e  m a m m a lia n  n u ç le a r  e x t r a c ts  s e r v e s  a s  th e  
te m p la te  f o r  th e  a s s o c ia te d  RNA p o ly m e ra s e s .  T h e  D N A - 
d ep en d en t RNA p o ly m e ra s e s  of c e r ta in  b a c te r i a  h a v e  b een  
e x te n s iv e ly  p u r if ie d  and  c o m p le te ly  s e p a r a te d  f ro m  DNA 
(C h a m b e r la in  an d  B erg* 1962; N akam oto* F o x  an d  W e is s , 1964), 
In  c o n tra s t*  a t te m p ts  to  s o lu b il iz e  and  p u r ify  th e  RNA 
p o ly m e ra s e  f ro m  à  n u m b e r  of ty p e s  of m a m m a lia n  c e l ls  and  
to  f r e e  th e  e n z y m e  f ro m  DNA h a v e  b ee n  g e n e ra l ly  u n s a t is f a c to ry ,  
an d  on ly  in  a  few  ca ses*  e ,g ,  ch ick en  e m b ry o  (F u r th  an d  LohV* 
1963) and  r a t  t e s t i s  (B a l la rd  an d  W illia m s-A sh m an *  1964), h a s  
i t  b e e n  p o s s ib le  to  d e m o n s tr a te  RNA s y n th e s is  d i r e c te d  by 
ex o g en o u s DNA,
F r o m  th e  r e s u l t s  d e s c r ib e d  in  S e c tio n  I I ,  i t  a p p e a r s  th a t  
TSH s t im u la te s  RNA s y n th e s is  in  eheep-^ thyro id  n u c le i ,  and  th a t  
s y n th e s is  of a  s m a ll  am o u n t of n u c le a r  p ro te in  is  a lso , n c e s s a r y  
f o r  th is  p ro c e s s *  T h e  p ro te in  w h ich  is  a f fe c te d  by TSH and 
c o n c e rn e d  in  n u c le a r  RNA s y n th e s is  cou ld  p e rh a p s  b en  an  RNA 
p o ly m e ra se *  A t p r e s e n t  th e r e  i s  no in fo rm a tio n  a v a ila b le  on th e  
D N A -d ep en d en t RNA p o ly m e ra s e  a c tiv ity  of th y ro id  t i s s u e ,  and  
th e r e f o r e  s tu d ie s  w e re  c a r r i e d  ou t to  c h a r a c te r i z e  th is  en zy m e
in  sh e e p -th y ro id #  an d  to  in v e s t ig a te  th e  a c tio n  of TSH on i t s  
a c t iv i ty .
M A TER IA LS AND M ETHODS
C h e m ic a ls  u s e d
A TP# C TP# G T F  an d  UTP# bov ine  p a n c re a t ic  D N ase#
p u ro m y c in , a c tin o m y c in  D an d  P ) U T P  w e re  o b ta in e d  f ro m
th e  s o u rc e s  m e n tio n e d  in  S e c tio n  I I .  P u r i f ie d  ca lf- th y m u s  DNA
and  c r y s ta l l in e  b ov ine  p a n c re a t ic  R N ase  w e re  f ro m  th e  S ig m a
C h e m ic a l C o .#  S t. L o u is , M o ,,  U .S .A . TSH (1 i . u . / m g ,
p ro te in )  w as  f ro m  th e  A rm o u r  P h a r m a c e u t ic a l  C o . ,  I l l in o is ,
and  TSH ( N . Î .H . -T S H ^B ^; 2 .7 3  i . u . / m g .  p ro te in )  w as  a  g ift
f ro m  th e  E n d o c rin o lo g y  S tudy  S e c tio n , N . I . H . , B é th e s d a ,
3 1M a ry la n d . E ib o n u c le o s id e  t r ip h o s p h a te s  la b e l le d  w ith  H o r  "C 
w e re  f ro m  S c h w a rz  B io ch em  I n c . , O ra n g e b u rg , N .Y .
P r e p a r a t io n  of D N A -P ep en d en t RNA 
P o ly m e r a s e  E n zy m e  F r a c t io n s
" S u c ro s e "  n u c le i w e re  is o la te d  f ro m  ab o u t 30g , s h e e p -
th y ro id  t ie s u e  u s in g  th e  m e th o d  d e s c r ib e d  in  S e c tio n  II {F ig . 15),
and  w e re  th e n  e i th e r  p re in c u b a te d  fo r  13 m in . a t  37^ in  th e
m e d iu m  of A llf re y , M ir  sky  and  O saw a (19S7) w ith o u t ad d ed
- 1 4 4 -
iso to p e  a s  d e s c r ib e d  in  S e c tio n  II o r  u s e d  d i r e c t ly  f o r  p o ly m e ra s e  
en zy m e  p re p a ra tio n *  E n zy m e  p re p a ra t io n s  w e re  c a r r i e d  ou t in  
tw o w ays# an d  an  o u tlin e  of th e  p roceduresids show n in  F ig .  25*
(1) M eth o d  a c c o rd in g  to  W e iss  (I9 6 0 ) T he n u c le i  w e re  
su sp e n d e d  in  20 v o lu m e s  ic e - c o ld  0*05 M - tr is - H G l b u ffe r  (pH 7 .4 )  
an d  a llo w ed  to  s ta n d  10 m in . in  ic e .  T he ly s e d  n u c le i w e re
th e n  c e n tr ifu g e d  a t 10# 0 0 0 ^  fo r  10 m in . a t  0^# an d  th e  p e l le t  
o b ta in e d  su sp e n d e d  by g e n tle  h o m o g e n iz a tio n  in  4 m l. p .O S M -tr is -  
H G l b u ffe r  (pH 7*4) an d  1 m l .  2M -KC1 ad d ed  d ro p w ise  to  th e  
s u s p e n s io n  a t 0^ w ith  ad e q u a te  s t i r r i n g .  W ith in  a  few  m in . a  
w h ite  a g g re g a te  fo rm e d  w h ich  co u ld  be c o l le c te d  a s  a  p e l le t  
by c e n tr ifu g a tio n  a t  1# 0 0 0 ^  fo r  5 m in* a t  0 ^ . T he is o la te d  
a g g re g a te  w a s  th e n  w a sh e d  tw ic e  in  th e  t r ie - K C l  m e d iu m  and  
f in a lly  su sp e n d e d  in  5 m l. c o ld  0 . O S M -tr is -H C l b u ffe r  (pH 8 .1 )  
by h o m o g e n iz a tio n .
(2) M eth o d  a c c o rd in g  to  R am uz# Poly# M an d e l an d  Chamfoon (1965a) 
T he n u c le i  w e re  ly s e d  a s  d e s c r ib e d  above# an d  th o n  c e n tr ifu g e d
fo r  15 m in . a t 54»000£ in  a  S p ineo  m o d e l h  u l t r a c e n tr i f u g e  and  
bo th  th e  p e l le t  an d  th e  s u p e rn a ta n t  r e ta in e d .  T h e  p e l le t  w as 
w a sh e d  tw ic e  w ith  a  s m a ll  v o lu m e  ic e - c o ld  0 . 0 5 M -tr ià -H C i
P r e p a r a t io n  of D N A -D ependen t RNA P o ly m e r a s e  E n zy m e 
F r a c t io n s  f ro m  P u r i f ie d  S h e e p -T h y ro id  N u c le i
S h e e p -T h y ro id  N u c le i
L y s e d  in  0 . O S M -tr is -H C l b u ffe r  (pH 7*4) f o r  10 m in . 
a t 0*^  th e n  c e n tr ifu g e d  a t  0^ fo r  10 m in . a t 10»000g
in  M ethod  I ,  o r  f o r  15 m in . a t  5 4 ,0 0 0 g  in  M ethod  II .
P e l le t S u p e rn a ta n t
In  M e th o d  I # p e l le t
r e  su sp e n d e d  in  c o ld  In  M ethod  II> p e l le t
0 , 0 5 M - tr is -H C l b u ffe r  w a sh e d  tw ic e  w ith  co ld
(pH 7 .4 )  and  2 M -m c l added  0 . 0 5 M - tr is -H C l b u ffe r
w ith  s t i r r i n g  a t  0^ to  g ive  a (pH 7 .4 )
f in a l c o n c e n tra t io n  of 0 .4 M  
w ith  r e s p e c t  to  K C l. A f te r  
s ta n d in g  10 m in . in  ic e ,  so lu tio n  
c e n tr ifu g e d  a t 0^ fo r  5 m in . a t
In  M ethod  II
1 ,0 0 0 g P- le t :
w hich  co n ta in s  th e
a g g re g a te  "R a m u z "  
e n z y m e .
C o m b in ed  S u p e rn a ta n t 
w h ich  c o n ta in s  th e  
"S o lu b le"  e n z y m e .
P e l le t  
w h ich  co n ta in s  th e  
a g g re g a te  " W e is s "  
en z y m e .
S u p e rn a ta n t
(d isc a rd e d )
145 -
b u ffe r  (pH 7*4) an d  th e  s u p e rn a ta n t  f r a c t io n s  co m b in ed . T h e  
p e l le t  c o n ta in e d  th e  " a g g re g a te "  e n z y m e , i . e .  "R a m u z "  e n z y m e , 
w h ich  w as  su sp e n d e d  by h o m o g e n iz a tio n  in  a  s m a l l  v o lu m e  co ld  
0 .O 5M -tris-H G i b u ffe r  (pH 8 .4 ) ,  T h e  s u p e rn a ta n t  f r a c t io n  
co n ta in e d  th e  "S o lu b le"  e n z y m e . B e fo re  a s s a y in g  th e  DNA- 
d ep en d en t RNA p o ly m e ra s e  a c tiv ity  of th e  "S o lu b le "  en zy m e  
p r e p a r a t io n ,  i t  wUs p la c e d  in  a  d ia ly s is  a a c  s u r ro u n d e d  by 
p o ly e th y le n e  g ly co l an d  le f t  f o r  abou t 2 h r .  a t  4 ^  to  c o n c e n tra te  
th e  p ro te in .
RNA, DNA an d  P r o te in  E s t im a tio n s  on th e  E n zy m e  P r e p a r a t io n s
T h e  p ro te in  c o n c e n tra t io n  of th e  en zy m e  p re p a ra t io n s  w as
d e te rm in e d  by th e  m e th o d  of L o w ry  e t a l .  (1951) u s in g  bov ine
s e r u m  a lb u m in  a s  s ta n d a rd ,  RNA and  DNA w e re  s e p a r a te d
u s in g  th e  p ro c e d u re  of F le c k  and  M unro  (1962), an d  e s t im a tio n s
c a r r i e d  o u t a s  d e s c r ib e d  fo r  s h e e p - th y ro id  n u c le i  in  S e c tio n  I I ,
A s s a y s  of D N A -D ependen t 
R N A  P o ly m e r a s e  A c tiv ity
C o m p o sitio n  of th e  In c u b a tio n  M ix tu re s
(a) U sin g  th e  " W e is s "  e n zy m e  p re p a r a t io n  T h is  w as  c a r r i e d  
o u t u s in g  a  m o d if ic a tio n  of th e  m e th o d  of G o ld b e rg  (1961). T he
a s s a y  m ix tu re  co n ta in ed : SO pm oles t r i s -H C l b u ffe r  (pH 8.1)# 
l .S p m o le s  M nC l^ , SO pm oles K C l, 2 .5 p m o le s  2*^m ercap toe thano l, 
lO pT ioies H a F , 0 .4 p m o le s  e a c h  Of A T P , C T P  an d  G T F , O .lp m o le a  
U T P ^ b o u t  10^ ^J:ounts/min* / pm o le) o r  0 . 05{J,m6les
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( C ) U T P  (O. Bixc), O.OSmi* s a tu r a te d  (H H ^)^SO ^ (a d ju s te d  
to  pH 8. 1 w ith  NTLOH) if  r e q u i r e d ,  and  0 * 3 m g . en zy m e4c
protein.; in  a  to ta l  v o lu m e of p , S m l.
(b) U sin g  th e  "R a m u z "  en zy m e p re p a r a t io n  T h e  a s s a y  m ix tu re  
co n ta in ed : 50[xm oles t r i s - H C l  b u ffe r  (pH 8 .4 ) ,  l .S p m o le s  M nC l^ 
o r  S p m o les M gC l^ , SO pm oles K C l, 2 . S pm oles E -m e rc a p to e th a n o l,  
O .djlm oleB  e a c h  of th e  th r e e  u n la b e lle d  r ib o n u c le o s id e  
t r ip h o s p h a te s ,  O .O Spm oles of the  la b e lle d  r ib o n u c le o s id e  
tr ip h o s p h a te  (O .Spc if  ^ ^ C - la b e lle d  and  2pc i f  - la b e l le d ) ,  0 .0 5 m l.  
s a tu r a te d  (KH^)^SO^ (pH 8*4) if  r e q u i r e d ,  an d  0 . 5mg* en zy m e  
p ro te in  in  a  to ta l  v o lu m e  of 0 . Sml*
(c) U sin g  th e  "S o lu b le"  en zy m e  p re p a r a t io n  T h e  a s s a y  m ix tu re  
w as s im i l a r  to  th a t  d e s c r ib e d  above fo r  th e  " R a m u z "  en zy m e 
p r e p a r a t io n  e x c e p t th a t  th e  pH of th e  t r i s - H C l  b u f fe r  w as  7 .2  
an d  c a lf - th y m u s  DNA (80p,g.) w as  p r e s e n t  to  s e r v e  a s  te m p la te  
fo r  th e  en zy m e  r e a c t io n .
In  so m e  c a s e s  c o m p o u n d s , su ch  a s  TSH an d  a c tin o m y c in  
D# w e re  ad d ed  to  th e  a s s a y  m ix tu re s*  T h e s e  w e re  ad d ed  
d is s o lv e d  in  th e  a p p ro p r ia te  t r l s - H C l  buffer*  T he D N A - 
d ep e n d en t RNA p o ly m e ra s e  a c t iv i t ie s  of th e  en zy m e  
p r e p a r a t io n s  w e re  a lw ay s a s s a y e d  w hen  th e  e n z y m e s  w e re  
f r e s h ly  p re p a re d *  T he e n z y m e s  w e re  ad d ed  l a s t  to  s t a r t  th e  
r e a c t io n  an d  th e  s a m p le s | w h ich  w e re  u s u a lly  p r e s e n t  in  
d u p lic a te , in c u b a te d  fo r  v a r io u s  le n g th s  of t im e  u%) to  40 m in* 
a t 37^ w ith  shaking* T h e  r e a c t io n s  w e re  s to p p e d  by ra p id  
f re e z in g  in  a  m ix tu re  of s o lid  CO^ an d  e th a n o l, an d  a t th is  
s ta g e , in  so m e  e x p e r im e n ts ,  th e  s a m p le s  w e re  le f t  f ro z e n  
a t -7 0 ^  o v e rn ig h t.
x t r a c t io n  of RNA and  R a d io a c tiv ity  M e a s u re m e n ts
oO n th aw in g  th e  so lu tio n s  to  0 , 0* 1m l. c a r r i e r  bov ine 
s e ru m  a lb u m in  (2 0 m g * /m l .) ,  0 .5 m l .  O .lM -N a ^ P ^ O ^  an d  1. 1m l 
I c e - c o ld  0 . 4N -H C10^ w e re  ad d ed  and  th e  so lu tio n s  m ix e d . (In 
l a t e r  e x p e r im e n ts  1 .0 m l, ic e - c o ld  0 .4N -H G 10^ co n ta in in g  2% 
h y flo  s u p e rc e l  ^ o p ld n s  and  W illia m s  L t d . , E s se x )  w as u se d  in  
p la c e  of 0 . 1 m l. c a r r i e r  a lb u m in  so lu tio n  an d  1 . 1 m l. 
0 .4N *H G 10^). A f te r  s ta n d in g  10 m in . in  ic e ,  th e  s a m p le s
ow e re  c e n tr ifu g e d  a t  i#0 0 0 g  fo r  10 m in , a t  0 , T o  th e
p r e c ip i t a t e s ,  0 ,3 m l ,  0* 5H -N aO H  w as ad d ed  fo llo w ed  ra p id ly
by 0 . 5 m l, 0 . lM -H a .P ^ O ., .a n d  1, 6 m l, 0,4H-tHC10 . ,  A fte r
s ta n d in g  10 m iu , in  ic e ,  th e  s a m p le s  w e re  a g a in  c e n tr ifu g e d
a t  1 ,0 0 0 ^  fo r  10 m in , an d  th e  p r e c ip i ta te s  o b ta in e d  w a sh e d  3
t im e s  w ith  5 m l, c o ld  0* EN ^CIO^*^ T h e  s a m p le s  w e re  th e n .
d ra in e d  f r e e  of a c id  an d  d ig e s te d  fo r  1 h r ,  a t  3 7 -  in  0 , 3N*KOH,
A fte r  co o lin g  th e  s a m p le s  in  i c e ,  0 , 5 m l, i c e - c o ld  2 ,4N -H O 10^
w as ad d ed , and  th e  p r e c ip i ta te s  of DNA an d  p ro te in  a llo w ed  to
f lo c c u la te ♦ T h e  s a m p le s  w e re  th e n  c e n tr ifu g e d  a t  1, 0 0 0 ^  fo r
10 m in . # an d  th e  p r e c ip i ta te s  o b ta in ed  w a sh e d  tw ic e  w ith  0 . 5 m l.
co ld  0 , 2N -H C10^ co m b in in g  th e  s u p e rn a ta n t  f r a c t io n s ,  w h ich
c o n ta in e d  th e  a c id - s o lu b le  RN A , in  each  c a s e .  0 .5 m l .
0 .3 N -K O H  w as  ad d ed  to  th e  p r 0ci%)itates w h ich  w e re  th e n
in c u b a te d  f o r  1 h r ,  a t 37^ to  so lu b iliz e  th e  DNA an d  p ro te in *
A liq u o ts  (2 m l.)  of th e  acid*?soluble RNA f ra c t io n s  w e re
n e u t r a l i s e d  w ith  KOH a t 0*^  an d  tine p r e c ip i ta te s  of KCIO^
c e n tr ifu g e d  dow n. S a m p le s  of th e  s u p e rn a ta n t  f lu id s  o b ta in ed
w e re  th e n  u s e d  f o r  ra d io a c tiv i ty  m e a s u r e m e n ts , I f  th e  RNA
32h a d  b e e n  la b e l le d  w ith  P ,  0 .5 m l .  s a m p le s  w e re  p la te d  on to
m e ta l  p la n c h e t te s  u s in g  le n s  p a p e r  d is c s  to  g iv e  u n ifo rm  s e lf -
a b s o rp tio n  and  co u n ted  in  a  N u c le a r  C h icag o  g as  -flo w  coun ter*
14 3W ith  RNA la b e l le d  w ith  C o r  H, 2ml* s a m p le s  w e re  ad d ed  
to  10ml* d io sa n e  co n ta in in g  S c in s ta n t  N E 572 (N u c le a r
E n te r p r i s e s  L td * , E d in b u rg h ) and  co u n ted  in  a  N u c le a r  C h icag o
- - '
l iq u id  s c in t i l la t io n  s p e c tro m e te r*  T he a c tiv i ty  of th e  p o ly m e ra s e  
en zy m e  in  e a c h  a s s a y  w as th e n  c a lc u la te d  in  t e r m s  of p p m o le s  
la b e l le d  n u c le o tid e  in c o rp o r a te d  in to  R N A /m g , p r o te in  p r e s e n t  
in  th e  e n z y m e  fra c tio n *
N ote*-  T h e  m e th o d  of RNA is o la t io n  d e s c r ib e d  ab o v e  w as  u s e d  
f o r  s e v e r a l  re a so n s*  F ir s t ly #  i t  s e p a r a te s  th e  RNA f ro m  DNA 
an d  p r o te in  and  i s  know n to  g iv e  s a t i s f a c to r y  r e c o v e r ie s  of RNA 
(F le c k  and  M unro* 1962)* I t  a ls o  s e p a r a te s  th e  RNA f ro m  
com pounds* su ch  a s  TSH* w h ich  w e re  ad d ed  to  th e  a s s a y  
m ix tu re s  in  so m e  c a se s*  Also* due to  th e  g e la tin o u s  n a tu re  of 
th e  " a g g re g a te "  en zy m e  p re p a ra t io n s *  i t  w as d if f ic u lt  to  e n s u re  
th a t  a  c o n s ta n t am o u n t o f th e  en zy m e p ro te in  (0 * 5 m g ,)  w as 
ad d ed  to  e a c h  s a m p le  d u r in g  assay *  T hus c o r r e c t io n s  w e re  
m a d e  fo r  th is  s o u rc e  of e r r o r  by e s tim a tin g  fo r  DNA o r  p ro te in  
a t th e  en d  of a s s a y .  W hen hyflo  s u p e rc e l  w as  u s e d  to  c o p re c ip i ta te
the  n u c le ic  a c id s ,  p ro te in  d e te rm in a t io n s  w e re  c a r r i e d  o u t, 
hu t w hen  c a r r i e r  a lb u m in  w as u s e d  th is  w as  no t p o s s ib le  and  
c o r r e c t io n s  w e re  m a d e  by e s t im a tin g  th e  DNA p r e s e n t  a t  th e  
end  of assay*.
E s t im a tio n  of R ib o n u c le a se  A c tiv ity  p r e s e n t  in  th e  
"R a m u 2^ " E n zy m e  P r e p a r a t io n
R ib o m ic le a se  a c tiv i ty  of th is  en zy m e p r e p a r a t io n  w as
a s s a y e d  by add ing  a  know n am o u n t of iso to p ic a lly j^ Ia b e lle d  RNA
to  th e  m ix tu re s  u s e d  fo r  p o ly m e ra s e  a s s a y  and  m e a s u r in g  th e
am o u n t of la b e l le d  ENA re m a in in g  a f te r  in c u b a tio n  a t  37^ fo r
v a r io u s  le n g th s  of tim e*  P u r i f ie d  r a t - l i v e r  n u c le a r  RNÂ p r e -
la b e l le d  w ith  ( C) ad en in e  w as  p r e p a r e d  u s in g  th e  m e th o d
d e s c r ib e d  fo r  s h e e p - th y ro id  n u c le a r  RNA in  S e c tio n  IX, A bout
lO pg. of th is  p r e p a r a t io n  a long  w ith  lOOpg* y e a s t  RNA a s  c a r r i e r
w e re  ad d ed  to  th e  a s s a y  m ix tu re s  and  th e  s a m p le s  in c u b a te d  a t 
o37 fo r  v a r io u s  le n g th s  of t im e  up  to  1 h r .  T h e  RNA w as s e p a ra te d  
an d  th e  to ta l  co u n ts  in  th e  RNA f ra c t io n  m e a s u r e d  a s  d e s c r ib e d  
ab o v e . T h e  s p e c if ic  a c tiv i ty  of th e  RNA w as  a ls o  d e te rm in e d  a s  
c ount s /  m in . / m g . RNA.,
R ESU LTS AND. DISCUSSION
S tu d ie s  u s in g  th e  N u c le a r  E n ay m o  F r a c t io n  
p r e p a r e d  by th e  M eth o d  of W e iss  (i960 )
I t  w as found  th a t  th e  D N A -dependon t RNA p o ly m e ra s e
a c tiv ity  of th is  en zy m e  p re p a r a t io n  f ro m  a h e e p - th y ro id  n u c le i
v a r ie d  c o n s id e ra b ly  w ith  d if fe re n t b a tc h e s  of n u c le i .  F ig .  26
32show s th e  tim e  c o u r s e  of in c o rp o ra t io n  of ( 'p )  Ü M P f ro m  
32 '(oÇ P ) U T P  in to  RNA c a ta ly s e d  by en zy m e p r e p a r a t io n s  f ro m  
s h e e p - th y ro id  and  r a t - l i v e r  n u c le i in  th e  p r e s e n c e  o r  a b se n c e  
of 10% s a tu r a te d  (NH^^)^SO^. I t  c an  be s e e n  th a t  both  en zy m e 
p r e p a r a t io n s  in c o rp o r a te  la b e l le d  U M P in to  B.NA o v e r  th e  4 0 -  
m in* in c u b a tio n  p e r io d , re a c h in g  an o p tim u m  a f te r  abou t 
30 m in . T h e  lo w e r  v a lu e s  a f te r  40 -m in .  in c u b a tio n  a r e  
p o s s ib ly  due to  n u c le a s e  a c tiv ity  p r e s e n t  in  th e  en zy m e-D N A  
c o m p le x e s . T a b le  18 show s so m e  p r o p e r t ie s  o f th e  s h e e p -  
th y ro id  e n z y m e  p r e p a r a t io n .  F o r  i t s  a c tio n , th is  en zy m e  
r e q u i r e s  th e  p r e s e n c e  of a l l  fo u r  r ib o n u c le o s id e s  tr ip h o s p h a te s  
and  th e  r e a c t io n  i s  in h ib i te d  by a c tin o m y c in  D . T he in c o rp o ra t io n  
i s  know n to  be  in to  RNA s in c e  th e  RNA f r a c t io n  in  e a ch  c a s e  





















F i g .  26
TIME (MIN.)
,32.
T i m e  c o u r s e  o f  i n c o r p o r a t i o n  o f  ( P )  U M P  r e s i d u e s  
32
f r o m  P )  U T P  i n t o  R N A / m g .  p r o t e i n  u s i n g  " W e i s s "
e n z y m e  p r e p a r a t i o n s  f r o m  r a t - l i v e r  o r  s h e e p - t h y r o i d
n u c l e i  in  th e  p r e s e n c e  o r  a b s e n c e  of  10% s a t u r a t e d
(N H ^)^SO ^.  T h e  u n b r o k e n  l i n e s  r e p r e s e n t  th e  s a m p l e s
i n c u b a t e d  w i t h  (NH  ^ and  th e  b r o k e n  l i n e s  t h o s e
4 ' 2  4
i n c u b a t e d  w i t h o u t  (N H ^)^SO ^.  « ,  s h e e p - t h y r o i d  e n z y m e ;
o ,  r a t - l i v e r  e n z y m e .  E a c h  p o in t  i s  t h e  m e a n  r e s u l t
o f  t h r e e  e x p e r i m e n t s .
4 * ^
P






* < t • < î

























































































f r a c t io n  f ro m  slioep*-tliyro id  n u c le i p o sB e sse a  D H A - 
d ep en d en t EN A  p o ly m e ra s e  ac tiv ity *  B oth  F ig*  Z6 and  
T a b le  IB show  th a t  th e  p r e s e n c e  of 10% s a tu r a te d
in  th e  a s s a y  m ix tu re  a f fe c ts  th e  en ay m e p re p a r a t io n  
r e s u l t in g  in  in c r e a s e d  s y n th e s is  of ENA* T h is  e f fe c t h a s  
p re v io u s ly  b ee n  r e p o r te d  f o r  *^Weiss” enztym e p r e p a r a t io n s  
f ro m  th e  n u c le i  of H e L a  c e l ls  (G oldberg* 1961)# ch ick en  
l iv e r  (W eill* B u sc h , C h am b o n  and  M an d e l, 1963) an d  r a t  
v e n t r a l  p r o s ta te  (H an co ck , Jurkow itm  and  J u rk o w itz ,  1965)* 
H o w ev e r th e  e x a c t m e c h a n is m  by w h ich  (NH^)^SO^ c a u s e s  
s t im u la t io n  i s  n o t y e t  know h. I t  m a y  be due to  so m e  
£ d te ra tio n  in  th e  p ro te in -D N A  co m p lex  p ro v id in g  m o re  DNA 
te m p la te  f o r  th e  p o ly m e ra s e  en z y m e  and a ls o  to  so lu b iliisa tio n  
o f th e  en%yme p re p a ra tio n *
E ffe c t of TSH o n  th e  W e is s"  Enssyme P r e p a r a t io n
,,;'# * m *t m „w #.1 uu **,# # , *#,1 n i n wp -wn p ii i iiii '  1
f ro m iS h e e p " T h y ro id  N u c le i
T h e  TSH p r e p a r a t io n  u s e d  th ro u g h o u t th e  e x p e r im e n ts  
d e s c r ib e d  in  th is  s e c tio n  w as  th e  A rm o u r  p r e p a r a t io n  
(1 i .u * /m g *  p ro te in )  u n le s s  o th e rw is e  s ta te d ,  TSH (0*05 i* u .)  
w as ad d ed  to  th e  a s s a y  m ix tu re s  a t th e  s t a r t  of in c u b a tio n  to  s e e
- 1 3 0 -
if  i t  s tim u la ted  th e  D N A -d ep en d en t RNA p o ly m e ra s e  a c tiv ity  
of th e  en zy m e  p r e p a r a t io n .  H ow ever# th e  d a ta  show n in  
T a b le  19 d e m o n s tr a te  th a t  TSH ad d ed  d ir e c t ly  to  th e  a s s a y  
m e d iu m  h a d  no s t im u la to ry  effect#  and  in  f a c t  a p p e a re d  to  
h a v e  a  s l ig h t in h ib i to ry  e f fe c t .  T h is  in h ib itio n  co u ld  p e rh a p s  
be due to  b in d in g  of th e  TSH p ro te in  to  th e  D N A *enzym e 
co m p lex  d u rin g  th e  r e a c t io n .
S h e e p - th y ro id  n u c le i  w e re  th e n  p re in c u b a te d  fo r  15 
m in , a t  37^ in  th e  p r e s e n c e  o r  a b s e n c e  of TSH (0 ,1  i , u , ) ,  as 
d e s c r ib e d  in  S e c tio n  I I ,  p r io r  to  th e  p r e p a r a t io n  of th e  
"W e is s "  en zy m e f r a c t io n s ,  A p re in c u b a tio n  t im e  of 15 m in , 
w as c h o s e n  s in c e  th e  s t im u la to ry  e ffec t of TSH on 
ad en in e  u p tak e  in to  n u c le a r  RNA w as fu lly  e f fe c tiv e  a t th is  
t im e  u n d e r  th e s e  e x p e r im e n ta l  co n d itio n s  (F ig , 2*0), T he 
e f fe c t of ad d itio n  of 0 ,4 p m o le s  of e a ch  of th e  fo u r  r ib o n u c le o s id e  
t r ip h o s p h a te s  to  th e  n u c le a r  in c u b a tio n  m ix tu re  w as  a lso  
exam ined*  T h e  r e s u l t s  o b ta in e d  fo r  a s s a y s  of D N A -d ep en d en t 
RNA p o ly m e ra s e  a c tiv i ty  u s in g  en zy m e p r e p a r a t io n s  f ro m  
c o n tro l ,  T S H - tr e a te d  and  u n in c u b a te d  n u c le i a r e  show n  in  
T a b le  20 . I t  c an  be s e e n  th a t  t r e a tm e n t  of s h e e p - th y ro id  
n u c le i u n d e r  co n d itio n s  w h e re  TSH is  know n to  s t im u la te
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ad en in e  u p ta k e  in to  RNA h a d  no s t im u la to ry  e f fe c t on th e  
D N A -d ep en d en t RNA p o ly m e ra s e  a c t iv i t ie s  of th e  " W e is s "  
en zy m e f r a c t io n s  p r e p a r e d  f ro m  th e s e  n u c le i .  A ls o , p r e ­
in c u b a tio n  of s h e e p - th y ro id  n u c le i p r io r  to  p r e p a r a t io n  of 
th e s e  en zy m e f r a c t io n s  r e s u l te d  in  a  lo s s  of p o ly m e ra s e  
a c tiv i ty , and  a d d itio n  of n u c le o s id e  t r ip h o s p h a te s  d u rin g  
n u c le a r  p re in c u b a tio n  h a d  no e ffe c t on th e  p o ly m e ra s e  a c tiv ity  
of th e  en z y m e  p r e p a r a t io n s .
S tu d ie s  u s in g  th e  N u c le a r  E n zy m e F r a c t io n s  
p r e p a r e d  by th e  M eth o d  of R am u z  e t ah (1965a)
D u rin g  is o la t io n  of th e  "W e is s "  en zy m e f r a c t io n  
f ro m  sh e e p ^ th y ro id  n u c le i ,  p a r t  of th e  w hole n u c le u s  is  
d is c a r d e d  (s e e  F ig* 25) an d  i t  m ay  be th a t  so m e  n u c le a r  
f r a c t io n  i s  lo s t  w h ich  i s  e s s e n t ia l  f o r  TSH s t im u la t io n  of 
RNA sy n th e s is*  A c c o rd in g ly  s h e e p - th y ro id  n u c le i  w e re  
f r a c t io n a te d  by th e  p ro c e d u re  of R am u z e t a l ,  (1965a), 
and  a s s a y s  of D N A -d ep en d en t RNA p o ly m e ra s e  a c tiv i ty  
c a r r i e d  out j  on th e  "R a m u z "  and  "S o lu b le"  f r a c t io n s  o b ta in e d  
( s e e  F ig ,  25), T h e  e f fe c t of a d d itio n  of 10% s a tu r a te d  (NH^)^SO^ 
to  th e  a s s a y  m ix tu re s  w as  a g a in  e x a m in e d , s in c e  i t  h a s  b ee n
show n in  s e v e r a l  in s ta n c e s  th a t  h o rm o n e  t r e a tm e n t  a p p e a rs  
to  a f fe c t D N A -d ep en d en t RNA p o ly m e ra s e  a c t iv i ty  d if fe re n tly  
in  th e  p r e s e n c e  o r  a b s e n c e  of (N H ^)^80^ (G o rs k i, 1964;
P e g g  and  K o rn e r ,  1965; R a m u z , D oly , C h am b o n  an d  
M an d e l, 1965b).
In  a g re e m e n t w ith  r e s u l t s  o b ta in ed  by R a m u z  e t a l . 
(1965a) f o r  r a t - l i v e r  n u c le i ,  D N A -d ep en d en t RNA 
p o ly m e ra s e  a c tiv i ty  w as found  in  bo th  th e  "R a m u z "  and  
"S o lu b le"  f r a c t io n s  f ro m  s h e e p - th y ro id  n u c le i .  T he "S o lu b le"  
f r a c t io n  w as  found  to  c o n ta in  only  abou t 2% of th e  to ta l  n u c le a r  
DNA, an d  th u s  ex o g en o u s c a lf - th y m u s  DNA h a d  to  b e  added  
to  th e  a s s a y  m ix tu re s  in  o r d e r  to  a s s a y  th e  D N A -d ep en d en t 
RNA p o ly m e ra s e  a c tiv i ty  of th is  f r a c t io n .  T he e f fe c t of pH 
v a r ia t io n  on th e  p o ly m e ra s e  a c t iv i t ie s  of th e  "S o lu b le "  and  
"R a m u z "  en z y m e  f r a c t io n s  f ro m  s h e e p - th y ro id  n u c le i  w as 
In v es tig a ted *  T h e  r e s u l t s  in  F ig .  27 show  th a t  th e  pH 
o p tim u m  fo r  th e  "S o lu b le"  en zy m e f r a c t io n  i s  ab o u t 7*2, 
w h e re a s  th a t  of th e  "R a m u z "  en zy m e  f r a c t io n  is  ab o u t 8 ,4 .
T h e  r e s u l t s  a ls o  show  th a t  ad d itio n  of (NH^)^SO^ to  th e  a s s a y  
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F i g .  27
32.
' E f f e c t  o f  pH v a r i a t i o n  o n  th e  u p ta k e  o f  ( P )  U M P
32
r e s i d u e s  o f  ^C" P )  U T P  in to  R N A / m g ,  p r o t e i n  by
(a) t h e  " R a m u z "  e n z y m e  p r e p a r a t i o n  o r  (b) t h e
" S o lu b le "  e n z y m e  p r e p a r a t i o n  f r o m  s h e e p - t h y r o i d
n u c l e i  i n c u b a t e d  w i t h  1 . 5  p m o l e s  M n C l^  f o r  20 m i n .  
o
at  37  in  t h e  p r e s e n c e  o r  a b s e n c e  of  10% s a t u r a t e d  
(NH^)^SO^ at  th e  a p p r o p r i a t e  pH .  R e s u l t s  a r e  th e  
m e a n  v a l u e s  f r o m  tw o  e x p e r i m e n t s .
in h ib i ts  th a t  of th e  "S o lu b le "  e n z y m e . T h is  a g r e e s  w ith  
th e  f in d in g s  r e p o r te d  fo r  r a t - l i v e r  n u c le a r  e n z y m e  f r a c t io n s  
(R am u z e t a l* , 1965a). F u r th e r  s tu d ie s  on  th e s e  en z y m e  
f r a c t io n s  f ro m  s h e e p - th y ro id  n u c le i w e re  th e n  c a r r i e d  out* 
P r o p e r t i e s  of th e  "R a m u z "  E n zy m e  P r e p a r a t io n
T a b le s  21 and  22 show  so m e  p r o p e r t ie s  of th e  "R a m u z "  
en zy m e  p r e p a r a t io n .  T he u p ta k e  of UM P r e s id u e s  f ro m  U T P  
in to  RHA c a ta ly s e d  by th is  en zy m e  f r a c t io n  w as  in h ib ite d  by 
o m ittin g  th e  o th e r  th r e e  r ib o n u c le o s id e  t r ip h o s p h a te s  f ro m  th e  
a s s a y  m e d iu m  o r  by th e  a d d itio n  of a c tin o m y c in  D o r  
d e o x y r ib o n u c le a s e  a t th e  s t a r t  of assay *  A lso  n u c le o tid e  
r e s id u e s  f ro m  a l l  fo u r  r ib o n u c le o s id e  t r ip h o s p h a te s  w e re  
in c o rp o r a te d  to  a  s im i la r  e x te n t, and  th e  p ro d u c t of th e  
r e a c t io n  w as  r ib o n u c le a s e - s e n s i t iv e ,  T h u s  th is  en zy m e
f ra c t io n  p o s s e s s e s  D N A -d ep en d en t RNA p o ly m e ra s e  a c t iv i ty .
2*}* 2*tT h e  e f fe c t of r e p la c in g  M n by M g in  th e  a s s a y  m ix tu re s  
w as  a ls o  in v e s tig a te d *  T h e  a m o u n ts  of M nC l ( l .S p m o le s )  
an d  M gC lg (S pm oles) w e re  c h o se n  b e c a u s e  th e y  h av e  b een  
show n to  be in  th e  o p tim a l re g io n  fo r  th e  D N A -d ep en d en t 
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W idnell and  T a ta ,  1964), B oth  F ig .  Z8 and  T a b le  21 show  th a t  
th e  a c tiv i ty  of th e  "Ramus** en zy m e f ra c t io n  w as  s t im u la te d  by
a d d itio n  of to  th e  a s s a y  m ix tu re  to  a  m u ch  g r e a te r
2*i* 24"e x te n t w hen  M n r a th e r  th a n  Mg w as p r e s e n t  a s  c a ta ly s t .
A lso  th e  a c tiv i ty  in  th e  a b s e n c e  of (NH^)2^ ^ 4. w as  s lig h tly
24'g r e a t e r  w hen  M g w as p r e s e n t .  T a b le  22 show s that^ an  
am o u n t of th e  en zy m e  f r a c t io n  e q u iv a le n t to  O .B m g. p ro te in  
i s  s a t i s f a c to r y  fo r  g e n e ra l  u s e  in  th e s e  p o ly m e ra s e  a s s a y s  
and that: an  M nC l^ c o n c e n tra t io n  of l .S p m o le s /a s s a y  a lso  
a p p e a rs  to  be  o p tim a l. T h e  ad d itio n  of an  e n e rg y -g e n e  ra tin g  
s y s te m  a p p e a rs  to  h av e  l i t t l e  e ffe c t on en zy m e  a c tiv i ty  
su g g e s tin g  th a t  th e  le v e ls  of th e  n u c le o s id e  t r ip h o s p h a te s ,  
p a r t ic u la r ly  A T P , u s e d  in  th e s e  p o ly m e ra s e  a s s a y s  a r e  no t 
r a te - l im i t in g  (T a b le  22).
P r o p e r t i e s  of th e  "S o lu b le "  E n zy m e P r e p a r a t io n
T a b le  23 show s so m e  p r o p e r t ie s  of th e  "S o lu b le"
en zy m e f r a c t io n  f ro m  s h e e p - th y ro id  n u c le i .  T he u p tak e  of 
3 3( 'H )  U M P f ro m  ( H) U T P  in to  RNA r e q u ir e s  an  exogenous 
s o u rc e  of DNA, an d  is  in h ib ite d  by o m ittin g  th e  o th e r  th r e e  
r ib o n u c le o s id e  t r ip h o s p h a te s  f ro m  th e  a s s a y  m e d iu m .
Q: 200 r
h: 150
10 20 30 
TIME (MIN.)
40 \ 10 20 30 40
TIMECMIN.)
F ig .  28
32
T i m e  c o u r s e  o f  i n c o r p o r a t i o n  o f  ( P )  U M P  r e s i d u e s  f r o m  
3 2
(cC“ P )  U T P  i n t o  R N A / m g .  p r o t e i n  b y  t h e  " R a m u z "  
e n z y m e  p r e p a r a t i o n  f r o m  s h e e p - t h y r o i d  n u c l e i  (a) in  
t h e  p r e s e n c e  o f  1 , 5  p m o l e s  M n C l^ ,  o r  (b) i n  t h e  
p r e s e n c e  o f  5 p m o l e s  M g C l ^ .  T h e  u n b r o k e n  l i n e s  r e p r e s e n t  
t h e  s a m p l e s  i n c u b a t e d  in  t h e  p r e s e n c e  o f  10% s a t u r a t e d  
(NH ^)^SO ^ (pH 8 . 4 ) ,  a n d  t h e  b r o k e n  l i n e s  t h o s e  i n c u b a t e d  
i n  t h e  a b s e n c e  o f  (N H ^)^SO ^.  E a c h  p o i n t  i s  t h e  m e a n  
r e s u l t  f r o m  t w o  e x p e r i m e n t s .
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A c tin o m y c in  D and  D N ase  a ls o  in h ib it  th e  reac tio n *  once  
m o re  in d ic a tin g  D N A -d ep en d en ce , T h e  "Soluble '*  en zy m e 
c a ta ly s e s  th e  in c o rp o ra t io n  of .all fo u r  la b e l le d  id b o n u c leo s id e  
tr ip h o s p h a te s  in to  RNA to  a  s im i la r  e x te n t, an d  th e  p ro d u c t 
of th e  r e a c t io n  i s  r ib o n u c le a s e ^ s e n s i t iv e  a lth o u g h  n o t to  su c h  
an  e x te n t a s  th e  p ro d u c t of th e  "K am u z"  e n zy m e  p r e p a r a t io n .
T he r e a s o n  fo r  th is  i s  no t known* bu t th e  RNA p ro d u c t of 
th e  "S o lu b le "  p o ly m e ra s e  r e a c t io n  w ill h a v e  a  d if fe re n t  b a s e  
c o m p o s itio n  f ro m  th a t  of th e  "R am u z "  p o ly m e ra s e  r e a c t io n , 
s in c e  an ex o g en o u s c a lf  ^ th y m u s DNA te m p la te  w as ad d ed  to  
th e  f o r m e r  to  a s s a y  i t s  D N A ^dependen t RNA p o ly m e ra s e  
ac tiv ity*  A lso  th e  RNA p ro d u c t co u ld  be bound  to  th e  "S o lu b le"  
en zy m e  p ro te in  o r  to  DNA in  su ch  a  w ay th a t  i t  i s  r ib o n u c le a s e -  
r e s i s t a n t ,  o r  e ls e  th e  RNA fo rm e d  co n ta in s  n u c le o tid e  s e q u e n c e s , 
su c h  a s  po ly  A , w h ich  a r e  no t d e g ra d e d  by p a n c re a t ic  
r ib o n u c le à s e .
T h e  p o ly m e ra s e  r e a c t io n  c a ta ly s e d  by th e  "S o lu b le"  
en zy m e  p r e p a r a t io n ,  u n lik e  th e  " W e is s "  o r  "R am u z "  a g g re g a te  
en zy m e  p r e p a r a t io n s ,  is  in h ib ite d  by (NH^)^SO^ (Rig* 27 and  
T a b le  23)* To a s s a y  th e  D N A -d ep en d en t RNA p o ly m e ra s e
-159*
a c tiv i ty  of th e  "S o lu b le "  en z y m e  frac tio n *  an  ex o g en o u s  DNA
p r im e r  h a s  to  b e  ad d ed , w h e re a s  th e  DNA bound  in  th e
n u c le o p ro to in  of th e  a g g re g a te  en zy m e p r e p a r a t io n  a e rv e s
a s  te m p la te  f o r  th e  p o ly m e ra s e  r e a c t io n  an d  (N H ^)^8 0 ^  m ay
a l t e r  th e  s t r u c tu r e  of th e  l a t t e r  so  a s  m ak e  m o r e  DNA
a v a ila b le  f o r  t r a n s c r ip t io n  by th e  p o ly m e ra s e  enzym e*
Fig*  39 show s th e  t im e  c o u r s e  of in c o rp o ra t io n  of ( H) D M P
r e s id u e s  f r o m  (^H) Ü T F  in to  EN A  c a ta ly s e d  by th e  "S o lu b le"
en z y m e  p re p a ra tio n *  In  th e  a b s e n c e  of (N H ^)^SO ^, M n
E+a p p e a r s  to  b e  m o r e  e f fe c t iv e  a s  c o fa c to r  th a n  M g u n d e r
th e  co n d itio n s  o f a s s a y  em ployed*
E ffe c t o f TSH on  th e  " E a m u z "  an d  "S o lu b le"  E n zy m e  
F r a c t io n s  f ro m  S h e e p * T h y ro id  N u c le i
B h e ep * tiiy ra id  n u c le i  w e re  in c u b a te d  f o r  15 m in* a t
37^ in  th e  p r e s e n c e  o r  a b s e n c e  of TSH (0* 1 i* u * ), a s
d e s c r ib e d  p rev iously , an d  " E a m u z "  an d  "S o lu b le "  en zy m e
f r a c t io n s  p r e p a r e d  f ro m  c o n tro l  an d  T S H - tr e a te d  nuclei*
A s s a y s  of D N A *dependen t RNA p o ly m e ra s e  a c tiv i ty  w e re
th e n  c a r r i e d  o u t o v e r  a  30*m in* in c u b a tio n  p e r io d  in  th e
<*31 I
p r e s e n c e  of Mn*^ ; th e  "R a m u z "  en zy m e  f r a c t io n  w a s  a s s a y e d
10 20 
TIME(W1IN.)
F i g .  29
T i m e  c o u r s e  o f  i n c o r p o r a t i o n  of  ( H) U M P  r e s i d u e s  f r o m
( H) U T P  in to  R N A /  m g .  p r o t e i n  i n  th e  a b s e n c e  o f  (NH^)^SO^
u s i n g  th e  " S o lu b le "  e n z y m e  p r e p a r a t i o n  f r o m  s h e e p - t h y r o i d
n u c l e i .  T h e  u n b r o k e n  l i n e  r e p r e s e n t s  t h e  s a m p l e s  i n c u b a t e d
' in  th e  p r e s e n c e  o f  1,  5 p m o l e s  M n C l _ , a n d  th e  b r o k e n  l i n e
t h o s e  i n c u b a t e d  in  t h e  p r e s e n c e  o f  5 p m o l e s  M g C l ^ .Ù
JtOÜ"-
b o th  in  th e  p r e s e n c e  an d  a b s e n c e  of th e  s a tu r a te d  (NH^)^SO^ 
an d  th e  ’^S o lu b le "  en a y m e  frac tio n ?  only  in  th e  a b s e n c e  of 
(N H ^)^SO ^, T h e  r e s u l t s  in  T a b le  Z4 show  th a t  p re in c u b a tio n  
of s h e e p « th y ro id  n u c le i w ith  TSH p r io r  to  en zy m e  p re p a r a t io n  
r e s u l t e d  in  an  in c r e a s e  in  th e  d ep en d en t EH A  p o ly m e ra s e
a c tiv i ty  of th e  "Eamuz^* e n z y m e  p r e p a r a t io n  in  th e  p r e s e n c e  of 
bu t th e r e  w ad no  d e te c ta b le  in c r e a s e  in  th e  a b s e n c e  
o f (NH^)^SO^* T h e  a c t iv i ty  of th e  ^'Soluble** e n z y m e  p re p a ra t io n , 
w h ich  w as  v e ry  low# a p p e a re d  to  b e  in c r e a s e d  by a  v e ry  s m a ll  
am o u n t o n  t r e a tm e n t  of th e  n u c le i w ith  TSH# H o w e v e r  TSH 
{0*05 i$ u .)  a d d e d  d ir e c t ly  to  th e  p o ly m e ra s e  a s s a y  m ix tu re s  
h a d  no  s t im u la to ry  e f fe c t on  th e  a c tiv ity  of e i t h e r  th e  "R am u z "  
o r  th e  "S o lu b le "  e n zy m e  p r e p a r a t io n s  f ro m  c o n tro l  n u c le i 
(T ab le  24 ), A g a in  in c u b a tio n  of th e  n u c le i p r io r  to  p r e p a r a t io n  
of th e  e n z y m e  f r a c t io n s  r e s u l t e d  in  a  lo s s  of PNA *^dependent 
EH A  p o ly m e ra s e  a c tiv i ty  f ro m  b o th  en zy m e f r a c t io n s ,  and  
th e  a c t iv i ty  o f th e  en zy m e  p re p a ra t io n s  a s  w e ll a s  th e  d e g re e  
of s t im u la t io n  in  a c tiv i ty  of th e  "R am u z "  e n z y m e  f r a c t io n  
c a u s e d  by (N H ^)^8 0 ^  v a r ie d  c o n s id e ra b ly  w ith  p r e p a r a t io n s  
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S in c e  a p p a re n t  s t im u la t io n  of th e  DNA*^dependent RNA 
p o ly m e ra e e  a c tiv i ty  of th e  "R a m u z "  en zy m e  f r a c t io n  w as 
o b ta in e d  by in c u b a tin g  th e  n u c le i  fo r  15 niin* w ith  TSH b e fo re  
en zy m e  f ra c t io n a t io n  (T a b le  24)# an d  s in c e  th e  "W eieo "  
en z y m e  p r e p a r a t io n  w as  n o t r e s p o n s iv e  u n d e r  s im i la r  
n u c le a r  in c u b a tio n  c o n d itio n s , (T ab le  20), i t  w as  d e c id e d  to  
p r e p a r e  bo th  e n z y m e  f r a c t io n s  f ro m  th e  s a m e  n u c le i  w hich  
h a d  b e e n  p ro in c u b a te d  in  th e  a b s e n c e  an d  p r e s e n c e  of TSH, 
and  to  a s s a y  D N A ^dependen t RNA polym cx’a s o  a c t iv i ty  in  e a c h  
case#  T h e  d a ta  show n in  T a b le  25 a r e  in  a g re e m e n t  w ith  
p re v io u s  r e s u l t s .  P re in c u b a t io n  of th e  n u c le i w ith  TSH 
p r io r  to  p r e p a r a t io n  of th e  en z y m e  f r a c t io n s  d id  n o t r e s u l t  
in  a  s t im u la t io n  of a c tiv i ty  of th e  " W e is s "  en z y m e  p re p a ra t io n , 
w h e re a s  th e  a c tiv i ty  of th e  "R a m u z "  en zy m e  p re p a r a t io n  
a s s a y e d  in  th e  p r e s e n c e  of (NH^)^BO^ w as a g a in  in c r e a s e d .  
W hen th e  en zy m e  a c t iv i t ie s  a r e  e x p r e s s e d  p e r  m g , DNA 
in s te a d  of p e r  m g , p ro te in ,  a  s im i la r  p a t te r n  of r e s u l t s  i s  
o b ta in e d . T h e s e  r e s u l t s  su g g e s t th a t so m e  n u c le a r  f a c to r  
w h ich  i s  e s s e n t i a l  f o r  TSH s t im u la t io n  of p o ly m e ra s e  a c tiv ity  
is  p r e s e n t  in  th e  "R a m u z "  en zy m e f r a c t io n  an d  h a s  b een
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d is c a r d e d  d u r in g  p r e p a r a t io n  of th e  " W e is s "  enzyxne f r a c t io n  
a t  th e  s ta g e  of KGl t r e a tm e n t  .(sea F ig  .. 25), S ta t i s t ic a l  
a n a ly s is  of th e  d a ta  f ro m  in d iv id u a l e x p e r im e n ts ,  th e  m e a n s  
of w h ich  a r e  show n in  T a b le  24 and  25, d e m o n s tr a te s  th a t  
t r e a tm e n t  of s h e e p ^ th y ro id  n u c le i  w ith  TBH r e s u l t e d  in  a  
s ig n if ic a n t in c r e a s e  (P<Oi 05) o f T0% in  th e  u p ta k e  o f lafohlled 
U M P f r o m  U T P  in to  RNA c a ta ly s e d  by th e  "Ramuz** en zy m e 
f r a c t io n ,  w hen  th e  p o ly m e ra s e  a s s a y s  w e re  c a r r i e d  o u t in  
th e  p r e s e n c e  of 10% s a tu r a te d  (NH^)^BO^,
M any of th e  e n z y m e  p re p a ra t io n s  i s o la te d  f ro m  sh eep *  - 
th y ro id  n u c le i  w o re  of v e r y  low  a c tiv i ty  an d  in  l a t e r  e x p e r im e n ts  
th e  "R a m u z "  an d  "B o lub la"  e n z y m e  f r a c t io n s  w e re  I s o la te d  
f ro m  th e  n u c le i  u s in g  ic e * c o ld  G *05M *tris*H C l (pH 7*4) 
co n ta in in g  G .0 IM * 2 * m e rc a p to e th a n o l to  t r y  an d  p re v e n t  
in a c tiv a tio n  of th e  p o ly m e ra s e  e n z y m e . W hen th e  "R am u z "  
an d  "S o lu b le "  en z y m e  f r a c t io n s  w e re  th e n  p r e p a r e d  f ro m  
e h e e p * th y ro id  n u c le i  w h ich  h a d  b e e n  p re in c u b a to d  fo r  15 m in* 
in  th e  p r e s e n c e  o r  a b s e n c e  of TSH , i t  w as fo u n d  th a t  thb  
p o ly m e ra s e  a c tiv i ty  of th e  "R a m u z "  en zy m e f r a c t io n  is o la te d  
f ro m  th e  T S H -« trea ted  n u c le i  w as g r e a t e r  in  a s s a y s  c a r r i e d
o u t b o th  in  th e  p r e s e n c e  an d  a b s e n c e  of (NH^)^SO^ (T ab le  26), 
I t  c an  be s e e n  a ls o ,  th a t  p re in c u b a tio n  of th e  n u c le i  w ith  m a re  
h ig h ly  p u r if ie d  TSH ( N . Î .H , ) ,  in  p la c e  of th e  A rm o u r  TSH , 
p ro d u c e d  th e  c a m e  e f fe c ts  on the  a c tiv i ty  of th e  "R a m u z "  
en zy m e  p r e p a r a t io n s .  H o w e v e r , w hen  M gO l^ (S pm oles) 
r e p la c e d  M nC l^ ( i.S p m o le e )  in  th e  p o ly m e ra s e  a s s a y  xn iK tu res, 
no s t in iu la to ry  e f fe c t of TSH w as o b ta in e d  (T a b le  26), A lso  i t  
a p p e a r s  th a t  th e  a c tiv ity  o f th e  "S o lu b le"  e n z y m e  f r a c t io n  i s  
n o t a f fe c te d  to  any  g r e a t  e x te n t on  t r e a tm e n t  of th e  n u c le i 
w ith  TSH , an d  no  s ig n if ic a n t d if fe re n c e  in  a c t iv i ty  of th is  
f r a c t io n  w as o b ta in e d  w hen  M n w as r e p la c e d  by  Mg in  th e  
a s s a y  m ix tu r e ,
H ffec t of P u ro m y c in  on  th e  "R a m u z "  and  "S o lu b le"
E n zy m e F r a c t io n s  f ro m  S h e e p ^ T h y ro id  Nxxclei
T h e  e f fe c t of p u ro m y c in  on th is  s y s te m  w as  th e n  
e x m n in e d  (T a b le s  27 an d  28 ), N u c le i w e re  p i‘e in c u b a te d  
fo r  15 m in , a t  37^ w ith  o r  w ith o u t TSH (0 ,1  i#u*) and  in  th e  
p r e s e n c e  o r  a b s e n c e  of p w o m y c in  ( lO O p g ,/m L ) , "R am u z "  
enzyxne f r a c t io n s  w e re  th e n  px^epared f ro m  n u c le i t r e a te d  
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d ep e n d en t EN A  p o ly m e ra s e  a c tiv i ty  cas’r i e d  o u t. T h e  s a m p le s  
w e re  in c u b a te d  fo r  20 m in , a t 37^ an d  th e  m c o rp o îra tio n  of 
(*‘*C) U M P f to m  (*^C) U T P  in to  RNA m e a s u r e d .  T he
s u its  ill T a b le  27 show  th a t  p u ro m y c in  t r e a tm e n t  of sh eep *  
th y ro id  n u c le i  p r io r  to  prepax*ation of th e  "E aim ns" e n zy m e  
f r a c t io n  r e s u l t s  in  a  d e c r e a s e  in  th e  p o ly m e ra s e  a c tiv ity  of 
th e  en zy m e  p r e p a r a t io n s .  In  e x p e r im e n t Î ,  h o w e v e r , i t  
a p p e a r s  th a t  p u ro m y c in  d o es  n o t a b o lish  the . s m a l l  in c re m e n t  
in  la b e l le d  U M P In c o rp o ra t io n  f ro m  U T P  in to  RHA p ro d u c e d  
by T $H , In  e x p e r im e n t 2 , w h e re  th e re  is  no a p p a re n t  TSH 
s t im u la t io n , th e  p u ro m y c in  v a lu e s  f ro m  bo th  c o n tro l  and  
T S H * tre a te d  s a m p le s  a r e  th e  s m n e , F u r th e r  in v e s tig a tio n s  
w e re  th e r e f o r e  c a r r i e d  o u t on th e  e f fe c t o f p u ro m y c in , 
F u ro m y e in  ( 1 0 0 p g ,/m l ,)  w as  ad d ed  to  a n  in c u b a tio n  m e d iu m  
co n ta in in g  sh e e p * th y ro id  n u c le i  e i th e r  a t th e  t im e  of ad d itio n  
o f TSH (0 .1  i*Ué) o r  10 m in , b e fo re h a n d . T h e  n u c le i
w e re  th e n  p re in c u b a te d  f o r  15 m in , a t 37^ ae  b e fo r e ,  fo llo w ed  
by  p r e p a r a t io n  of th e  "R a m u z "  and  "S o lu b le"  e n z y m e  f r a c t io n s  
f ro m  e a c h  n u c le a r  s a m p le .  A s s a y s  of DNA* de p en d en t ENA 
p o ly m e ra s e  a c tiv ity  w e re  th e n  c a r r i e d  ou t by m e a s u r in g  in
th is  c a s e  th e  inco rpoxm tion  o£ (^^C) A M P f ro m  (^^C) A T P  
in to  RNA a f te r  in c u b a tio n  f o r  10 min# a t 37*^, T h e  r e s u l t s  
o b ta in e d  a r e  show n in  T a b le  28 . P re in c u b a tio n  of sh eep *  
th y ro id  n u c le i  w ith  TSH (N*1*H.) d o es  n o t a p p e a r  to  in c r e a s e  
th e  u p ta k e  of (^^C) A M P f ro m  (^^C) A T P  c a ta ly s e d  by e i th e r  
th e  "R am u z "  o r  "S o lu b le "  en z y m e  p r e p a r a t io n s . A lso  th e  
in c o rp o ra t io n  of la b e l le d  A M P a p p e a rs  to  be  so m e w h a t 
g r e a t e r  th a n  th e  in c o rp o ra t io n  of la b e lle d  U M P in to  RNA u n d e r  
s im i la r  co n d itio n s  of in c u b a tio n  (se e  T a b le s  26 an d  28). 
P u ro m y c in  a d d e d  to  s h e e p * th y ro id  n u c le i a lo n g  w ith  TSH 
c a u s e d  an  in h ib itio n  of th e  p o ly m e ra s e  a c t iv i t ie s  of bo th  th e  
"R a m u z "  an d  "S o lu b le "  en zy m e  p re p a ra t io n s #  an d  p rc in c u b a tio n  
of th e  n u c le i  w ith  p u ro m y c in  p r io r  to  th e  a d d itio n  of TSH f u r th e r  
re d u c e d  th e  a c t iv i t ie s  of th e  p o ly m e ra s e  p repax ’a tio n S ,
P r o te in  C o n ten t an d  P ro te in /D N A  R a tio s  of th e  V a r io u s
„ . i  ■     HWi    W  L H . i J , L»  W l- . — '■■•■■Wi— . . W W      , W ,
E n zy m e  P  repax*ations f ro m  S h e ep * T h y ro id  N u c le i
C o m p a r is o n s  w e re  a ls o  m ad e  of th e  p ro te in  co n ten t 
an d  th e  p ro te in /  DNA r a t io s  of th e  v a r io u s  n u c le a r  en zy m e 
p r e p a r a t io n s .  T he d a ta  p r e s e n te d  in  T ab le  29 show  th a t  th e  
"W e is s "  en z y m e  p r e p a r a t io n  c o n ta in s  abou t 75% of the  to ta l
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n u c le a r  p ro te in  an d  m o s t  of th e  n u c le a r  DNA# T h e  am o u n t of
p ro te in  o c c u r r in g  in  th is  f r a c t io n  w as no t s ig n if ic a n tly  a l te r e d
by p re in c u b a tio n  of s h e e p * th y ro id  n u c le i w ith  TSH o r
r ib o n u c le o e id e  t r ip h o s p h a te s  p r io r  to  en z y m e  p re p a ra tio n #
T h e  "R a m u z "  en zy m e  p r e p a r a t io n  c o n ta in s  a lm o s t  a l l  th e
n u c le a r  DNA an d  abou t 90% of th e  to ta l  n u c le a r  p ro te in ,  the
r e m a in d e r  o c c u r r in g  in  th e  "S o lu b le"  en zy m e f r a c t io n .
H o w e v e r , if  s h e e p * th y ro id  n u c le i a r e  p re in c u b a te d  fo r  15 m in ,
a t 37^ p r io r  to  p r e p a r a t io n  of th e s e  en zy m e f r a c t io n s ,  th e
am o u n t of p ro te in  su b se q u e n tly  o c c u r r in g  in  th e  "R am u z "
en zy m e f r a c t io n  is  s ig n if ic a n tly  d e c re a s e d  {P<0#05) to  85%
w ith  a  c o r re s p o n d in g  in c r e a s e  in  the  am o u n t of p ro te in  in  th e
"S o lu b le "  en zy m e f r a c t io n  (T a b le  29)* A d d itio n  of TSH o r
p u ro m y c in  to  th e  n u c le a r  in c u b a tio n  m e d iu m  d id  n o t
s ig n if ic a n tly  a l t e r  th is  d is t r ib u t io n  of n u c le a r  p ro te in  in
th e  "R am u z "  and  "S o lu b le"  en zy m e f r a c t io n s .
S tu d ie s  on th e  R ib o n u c le a se  A c tiv ity  p r e s e n t  in  th e  "R a m u z " 
E n zy m e  F r a c t io n  f ro m  S h e e p * T h y ro id  N u c le i
I t  w as d e c id e d  to  m e a s u r e  th e  r ib o n u c le a s e  a c tiv ity  
p r e s e n t  in  th e  "R am u z "  uenzym e p re p a ra t io n  b e c a u s e  i t  h ad
b e e n  o b s e rv e d  th a t  th e  en zy m e p re p a ra t io n s  f ro m  sheep** 
th y ro id  n u c le i  show ed  low  le v e ls  of p o ly m e ra s e  a c tiv ity  and  
th e  m e a s u r e d  r a te  of RNA s y n th e s is  d im in ish e d  w ith  t im e  
(F ig s .  26 an d  28), A lso , w hen  n u c le i w e re  in c u b a te d  p r io r  
to  p r e p a r a t io n  of the^ en z y m e  f r a c t io n s ,  th e  p o ly m e ra s e  a c tiv ity  
of th e s e  en zy m e  p re p a ra t io n s  w as a lw ay s lo w e r  th a n  th o se  of 
en zy m e f r a c t io n s  p r e p a r e d  f ro m  n u c le i w h ich  h a d  n o t b ee n  
p re in c u b a te d . T h is  co u ld  be due p b rh a p s  to  a c t iv a t io n  of 
r ib o n u c le a s e  d u rin g  th e  p re in c u b a tio n  p e r io d .
"R a m u z "  en zy m e  f r a c t io n s  w e re  p r e p a r e d  f ro m  sheep*  
th y ro id  n u c le i w h ich  h a d  b ee n  in c u b a te d  fo r  15 m in , a t 37^ in  
th e  p r e s e n c e  o r  a b s e n c e  of TSH ( 0 . 1 i . u . ) an d  a ls o  f ro m  
n u c le i w h ich  h a d  no t b e e n  preincubaW d# A s s a y s  w e re  th e n  
c a r r i e d  ou t fo r  v a r io u s  le n g th s  of t im e  up to  1 h r ,  a t 37^ in  
th e  p r e s e n c e  of 10% s a tu r a te d  (NH^)pSO^, bu t w ith  
la b e l le d  r a t - l i v e r  RNA ( lO p g ,) and  y e a s t  RNA (lO Opg.) 
re p la c in g  th e  la b e l le d  n u c le o s id e  tr ip h o s p h a te .  T he to ta l 
n u m b e r  of co u n ts  in  th e  RNA f ra c t io n  and th e  s p e c if ic  a c tiv ity  
of th e  RNA w e re  m e a s u r e d  in  e a c h  c a s e .  T h e  r e s u l t s  show n 
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en zy m e  p r e p a r a t io n s  p o s s e s s  r ib o n u c le a s e  a c t iv i ty , and  
th a t  th e  ex ten t of d e g ra d a tio n  of RNA to  a c id * so lu b le  f ra g m e n ts  
i s  th e  sa m e  w h e th e r  th e  n u c le i  h av e  b een  p re in c u b a te d  o r  n o t 
p r io r  to  en z y m e  p r e p a r a t io n .  A lso , a d d itio n  of TSH e i th e r  
d u rin g  n u c le a r  p re in c u b a tio n  o r  d ir e c t ly  to  th e  a s s a y  m ix tu re s  
h a d  no e f fe c t on r ib o n u c le a s e  ac tiv ity ^  A s show n in  T a b le  30 (b), 
th e  s p e c if ic  a c tiv i ty  of th e  RNA a lso  f a l ls  th ro u g h o u t th e  in c u b a tio n  
p e r io d  show ing  th a t  th e  la b e l le d  n u c le a r  RNA i s  be in g  d e g ra d e d  
in  p r e f e r e n c e  to  th e  ad d ed  y e a s t  RNA* T h is  m a y  r e f le c t  so m e  
s p e c if ic i ty  of th e  n u c le a s e  en zy m e  o r  e n z y m e s  fo r  n u c le a r  RNA 
o r  e l s e  th e  p r e p a r a t io n  of y e a s t  RNA u s e d  i s  c o n ta m in a te d  w ith  
so m e  in h ib i to r s  of r ib o n u c le a s e  a c tiv i ty . A s s a y s  of DNA* 
d ep en d en t RNA p o ly m e ra s e  a c tiv ity  u s in g  th e  "R am u z "  en zy m e prepa* 
.^ationV'Weae u s u a lly  c a r r i e d  ou t f o r  a  20*m in# in c u b a tio n  p e r io d , 
an d  f ro m  th e  r e s u l t s  in  T a b le  30 i t  c an  be s e e n  th a t  ENA is  be ing  
d e g ra d e d  to  acid»#soluble f ra g m e n ts  d u rin g  th is  t im e  in te rv a l .
T h u s  th e  r e s u l t s  of D N A *dependent RNA p o ly m e ra s e  a c tiv ity  
d e s c r ib e d  e a r l i e r  a c tu a lly  r e f le c t  bo th  th e  D N A *dependen t 
s y n th e s is .o f  and  a lso  th e  b reak d o w n  of RNA d u rin g  a s s a y .  
P r e l im in a r y  s tu d ie s  w e re  c a r r i e d  ou t in  w h ich  b e n to n ite , a t  a
*  J, O'?*
f in a l c o n c e n tra t io n  of 0 ,5 m g # % , w as ad d ed  d u rin g  a s s a y s  of 
p o ly m e ra s e  a c tiv i ty  to  t r y  an d  in h ib it r ib o n u c le a s e  a c tiv i ty . 
H o w e v e r , th e  r e s u l t s  o b ta in e d  w e re  no t v e ry  s a t i s f a c to r y  
s in c e  b e n to n ite  a b s o rb s  r ib o n u c le o s id e  t r ip h o s p h a te s  and 
th is  r e s u l t e d  in  p o o r d u p lic a tio n  of r e s u lts *
C o m m en ts  on th e  R e s u lts  O b ta in ed  f ro m  A s s a y s  
of P N A *D ependen t RNA F o ly m e ra s e  A c tiv ity  
u s in g  V a r io u s  F r a c t io n s  p r e p a r e d  f ro m  
S h e e p -T h y ro id  N u c le i ,
P r o p e r t i e s  of th e  E n zy m e P r e p a r a t io n s
U sin g  th e  m e th o d  of W eiss (i9 6 0 ) an  ez y m e  f r a c t io n
w hich  p o s s e s s e d  D N A *dependen t RNA p o ly m e ra s e  a c tiv ity
w as  p r e p a r e d  f ro m  p u r if ie d  s h e e p - th y ro id  n ucle i*  T h is
en zy m e f r a c t io n ,  w h ich  co n ta in e d  m o s t  of th e  n u c le a r  DNA
an d  ab o u t 75% of th e  to ta l  n u c le a r  p ro te in  (T a b le  29), b eh av ed
s im i la r ly  to  th a t  i s o la te d  f ro m  r a t - l i v e r  n u c le i ,  e x c e p t th a t
th e  D N A -d ep en d en t RNA p o ly m e ra s e  a c tiv i ty  w a s  lo w e r
(Fig* 26) * T h is  m ay  be due to  th e  t im e - la g  d u r in g  th e  re m o v a l
of th y ro id  g la n d s  f ro m  th e  sh e e p  and  p r e p a r a t io n  of th e  n u c le i ,
b u t m a y  a ls o  r e f le c t  th e  p o s s ib ly  lo w e r  m e ta b o lic  a c tiv i ty  of
s h e e p - th y ro id  c e l ls  a s  o p p o se d  to  th a t  of r a t - l i v e r  c e l l s .  T he
a c tiv ity  of th is  en zy m e p r e p a r a t io n  w as in c r e a s e d  by th e  
ad d itio n  of 10% s a tu r a te d  (N li^)^SO ^ d u rin g  a s s a y  (Fig* 26 
and  T a b le  IS ).
S h e e p - th y ro id  n u c le i  w e re  a ls o  f r a c t io n a te d  in to  an  
a g g re g a te  and  a  so lu b le  en zy m e  f r a c t io n  by th e  m e th o d  of 
R am u z  e t a l .  (1965a), T h e  "R am u z "  a g g re g a te  en zy m e 
f r a c t io n  c o n ta in e d  a lm o s t  a l l  th e  n u c le a r  DNA and  abou t 90% 
of th e  to ta l  n u c le a r  p ro te in ,  th e  r e m a in d e r  o c c u r r in g  in  th e  
"S o lu b le "  f r a c t io n  (T ab le  29 ). P re in c u b a tio n  of s h e e p -  
th y ro id  n u c le i  p d o r  to  en zy m e  p re p a ra t io n  h o w e v e r  c a u s e d  
a  s ig n if ic a n t d e c r e a s e  in  th e  am o u n t of p ro te in  su b se q u e n tly  
found  in  th e  "R a m u z "  en zy m e  f ra c t io n  w ith  a  c o r re s p o n d in g  
in c r e a s e  in  th e  am o u n t in  th e  "S o lu b le"  e n z y m e  f r a c t io n  (T ab le  29) * 
In  a g re e m e n t w ith  r e s u l t s  o b ta in e d  by R am uZ e t  a l .  (1965a) 
fo r  r a t - l i v e r  n u c le i ,  b o th  en zy m e  f ra c t io n s  f ro m  s h e e p - th y ro id  
n u c le i p o s s e s s e d  D N A *dependen t RNA p o ly m e ra s e  a c tiv ity  
(T a b le s  21 and  23 ). T h e  s tu d ie s  on pH v a r ia t io n  c a r r i e d  ou t 
in d ic a te  th a t  th e  "R a m u z "  a g g re g a te  en zy m e  f r a c t io n  h a s  a  pH 
o p tim u m  abou t 8 .4 ,  w h e re a s  th a t of the  "S o lu b le "  en zy m e  
f r a c t io n  i s  ab o u t 7 .2  (F ig . 27). T h is  m ay  r e f le c t  d if fe re n c e s
in  th e  c h e m ic a l c o m p o s itio n  of th e  two f r a c t io n s .  In  th e
"R am u z "  en z y m e  f r a c t io n  th e  p o ly m e ra s e  en z y m e  is  c lo se ly
a s s o c ia te d  w ith  DNA and  h i s to n e s , w h e re a s  th e  "S o lu b le"
en zy m e  f r a c t io n  co n ta in s  l e s s  th a n  2% of th e  to ta l  n u c le a r
DNA, an d  th u s  ex o g en o u s DNA h a s  to  foe ad d ed  to  a s s a y  th e
D N A *dependent RNA p o ly m e ra s e  a c tiv ity  of th is  en zy m e
fra c tio n *  A lso , in  th e  p r e s e n c e  of 10% s a tu r a te d  (NH ^)^SO ^,
th e  p o ly m e ra s e  a c tiv ity  of th e  "R am u z "  e n z y m e  f r a c t io n
lik e  th a t  of th e  " W e is s "  en zy m e  f ra c t io n  i s  in c r e a s e d ,
w h e re a s  th a t  of th e  "S o lu b le "  en zy m e f r a c t io n  i s  d e c r e a s e d
(Fig* 27 an d  T a b le s  g l  an d  23), A c c o rd in g  to  C h am b o n , R am u z
and  D oly (1965), th e  s t im u la to ry  e ffe c t of (NH ,)_SO is  th e"4L 2 4
r e s u l t  of tw o p h en o m e n a  w h ich  h av e  o p p o s ite  e f f e c ts .
(NH^)^SO^ is  th o u g h t to  d e c r e a s e  th e  lin k a g e s  b e tw e e n  h i s to n e s  
an d  DNA th u s  f a c i l i ta t in g  th e  t r a n s c r ip t io n  of m o re  DNA 
s e g m e n ts  by th e  p o ly m e ra s e  e n z y m e . S om e ev id e n c e  fo r  
th is  h a s  co m e f ro m  s tu d ie s  of th e  b a s e  c o m p o s itio n  of th e  
RNA fo rm e d  by n u c le i o r  n u c le a r  f r a c t io n s  in  v i t r o  b o th  in  th e  
p r e s e n c e  and  a b s e n c e  of (N H ^)^SO ^. T h e  RNA fo rm e d  in  th e  
p r e s e n c e  of (NH^)^SO^ h a s  a  b a s e  c o m p o s itio n  m o re  lik e
-  J. I ™
th a t  of n a tiv e  DNA th a n  th a t  fo rm ed , in  th e  a b s e n c e  of {NH^)^SO^
(W idne ll, 1965; C ham bon  e t  a l# , 1965; D iau , HniUca. and
H u r lb e r t ,  1965). On th e  o th e r  h an d , (NH ) SO a ls o  a p p e a rs
to  in h ib it  th e  a c tio n  of RNA p o ly m e ra s e  en zy m e  c o m p le te d
to  DNA and  to  new ly  s y n th e s iz e d  RNA, p o s s ib ly  as  a  r e s u l t
of th e  in c r e a s e  in  io n ic  s t r e n g th  of th e  m ed ium *  T h e  l a t t e r
a c tio n  of (NH ),.SO a p p a re n tly  c a u s e s  th e  in h ib itio n  of th e
"S o lu b le"  en z y m e  p r e p a r a t io n .  W h e th e r th e s e  tw o en zy m e
f ra c t io n s  c o n ta in  th e  s a m e  p o ly m e ra s e  en zy m e  o r  en z y m e s  is
no t know n^but C ham bon  e t a l .  (1965) h av e  s u g g e s te d  f ro m
s tu d ie s  on r a t* l iv e r  th a t  th e  s a m e  en zy m e o r  e n z y m e s  a r e
p r e s e n t  in  b o th  f ra c tio n s #
W idnell an d  T a ta  (1964) and  W idnell (1965) h av e
d e s c r ib e d  tw o D N A *dependent RN.A p o ly m e ra s e  r e a c t io n s  in
r a t - l i v e r  n u c le i .  One rwaehon, th e  p ro d u c t of w h ich  i s  s im i la r
24 ■to  r ib o s o m a l RNA, is  a c t iv a te d  by Mg w h e re a s  th e  se c o n d
re a c t io n ,  a c t iv a te d  by M n^^ in  th e  p re s e n c e  of (N.H ) SO *
4  2 4
y ie ld s  a  p ro d u c t w h ich  is  m o re  D N A -lik e . S im ila r  r e s u l t s  
w e re  a ls o  o b ta in e d  f ro m  s tu d ie s  of D N A -d ep en d en t RNA 
p o ly m e ra s e  a c tiv i ty  u s in g  u te r in e  n u c le i f r o m  o v a r ie c to m iz e d
r a t s  { H am ilto n , W id n e ll an d  T a ta ,  1965), H o w e v e r , th e r e  is  
no p ro o f  a s  y e t  t l ia t  th e  tw o r e a c t io n s  a r e  due to  tw o d is t in c t  
p o ly m e ra s e  a c t iv i t ie s  s in c e ,  in  th e  p r e s e n c e  of (NH^)
a s  d e s c r ib e d  ab o v e , th e  RNA p ro d u c t of th e  r e a c t io n  w ou ld  be 
e x p e c te d  to  h av e  a  b a s e  c o m p o s itio n  m o re  l ik e  DNA an d  
d if fe re n t  f ro m  th a t  synthesi& ied in  th e  a b s e n c e  of (N H ^)^SO ^,
T h e  t im e  c o u r s e  s tu d ie s  c a r r i e d  o u t on  th e  "K am ua^' en z y m e  
p r e p a r a t io n  f r o m  s h e e p - th y ro id  n u c le i  {Fig* 28) a r e  in  
a g re e m e n t w ith  th e  r e s u l t s  of W idnell and  T a ta  (1964),
{NH^)^SO^ w as fo u n d  to  h a v e  a  g r e a t e r  s t im u la to ry  e f fe c t
2H* 2*1*w hen  M n r a th e r  th a n  Mg i s  u s e d  a s  c a ta ly s t ,  an d , in  th e
2+a b s e n c e  of (H H ^)^SO ^, th e  M g - c a ta ly s e d  r e a c t io n  w as  s lig h tly
2+g r e a t e r  tîian  th e  M n - c a ta ly s e d  reac tio n *  W ith  th e  ’’Soluble**
2*t*en z y m e  p r e p a r a t io n ,  h o w e v e r , in  th e  a b s e n c e  of {R H .)^S O . M n^
a p p e a r s  to  be  m o re  e f fe c tiv e  a s  c a ta ly s t  (F ig , 29) * A t p r e s e n t
i t  i s  d if f ic u lt  to  r e la te  th e s e  f in d in g s  to  th o s e  of T a ta  and
W id n ell (1964) a s  e v id e n c e  f o r  tw o d is t in c t  p o ly m e ra s e  a c t iv i t ie s ,
2-fIn  th e  p r e s e n c e  of (N H .)^SO  , M n a p p e a rs  to  c a u s e  m o re
t r a n s c r ip t io n  of DNA by  th e  ’’R a m u z ” e n zy m e  f r a c t io n  th a n
d o es  Mg^*^ w h e re a s  in  th e  a b s e n c e  of (NH .) SO , Mg^ *** a p p e a r s4 *5 4
to  be  s lig h tly  m o re  e f fe c t iv e , w hen  u s e d  a t th e s e  p a r t ic u la r  
c o n c e n tra t io n s  d u rin g  a s s a y .  T h e  v a r ia t io n s  in  p o ly m e ra s e  
a c tiv i ty  co u ld  a ls o  b e  due to  d if fe re n t e f fe c ts  of th e s e  io n s  on  
the  r ib o n u c ie a s e  a c tiv ity  of th e  en zy m e p r e p a r a t io n ,  s in c e  i t  
h a s  b e e n  show n th a t  th e  ’’Ramuz** en zy m e  p r e p a r a t io n  
p o s s e s s e s  c o n s id e ra b le  r ib o n u c ie a s e  a c tiv ity  (T a b le  30).
E ffe c t of TiSH on th e  D N A ^D ependent RNA P o ly m e r a s e  
A c tiv i t ie s  of th e  E n zy m e  P re p a r a t io n s
D ir e c t  ad d itio n  of TSH to  th e  p o ly m e ra s e  a s s a y
m ix tu re s  a t  th e  s t a r t  of a s s a y  d id  n o t in c r e a s e  th e  D N A -
d ep en d en t RNA p o ly m e ra s e  a c tiv ity  of th e  " W e is s ” o r  "R am u z "
Eiggregate en zy m e  f r a c t io n s  o r  th e  "S o lu b le"  e n z y m e  f r a c t io n
(T a b le s  19 and  24), P re in c u b a t io n  of sh e e p '^ th y ro id  n u c le i
w ith  TSH u n d e r  co n d itio n s  w h e re  i t  i s  know n to  s t im u la te  th e
u p ta k e  of (^^C) ad e n in e  in to  n u c le a r  RNA (Fig* 20) h a d  no
s t im u la to ry  e f fe c t on th e  D N A -d ep en d en t RNA p o ly m e ra s e
a c tiv i ty  of th e  " W e is s ’* en z y m e  p r e p a r a t io n  (T a b le s  20 and  25),
H o w e v e r , w hen  th e  " R a m u z ” en zy m e f r a c t io n  w a s  p r e p a r e d
f ro m  th e  T S H - tr e a te d  n u c le i ,  i t  w as found  th a t  th e r e  w as a
3s ig n if ic a n t in c r e a s e  (P<0*05) in  th e  in c o rp o ra t io n  of ( H) ÜM P
3re s id u e s  fro m  ( H) tJTP into RNA ca ta ly sed  by th is enzym e
fra ctio n  when the p o ly m era se  a,ssa,ys w ere  c a r r ie d  out in  the
2+p re sen ce  of 10% satu rated  ( N H ^ ) a n d  Mn (T ab les 24 
and 25)* H ow ever , when th is  en zym e fra ctio n  w as p rep ared  
fro m  TSH “trea ted  n u c le i in  the p resen ce  of 2 -m erca p to eth a n o l 
to p r e s e r v e  en zym e a c tiv ity , the uptake of la b e lle d  UMP from  
U TP in to  RNA w as in c r e a se d  both in the p r e se n c e  and ab sen ce  
of (NH^)^SO^ (T able 26). A lso  when m ore  h igh ly  p u rified  
TSH (N * I * H . ) w as u sed , a s im ila r  e ffec t  w as obtained  (T able 26), 
No T S H -stim u la tion  of uptake into RNA ca ta ly se d  by the "Ramuz" 
en zym e fra ctio n  w as h ow ever o b serv ed  w hen MgCl^ (Spm oles) 
rep la ced  MnCH ( l .S p m o le s )  in the p o ly m era se  a ssa y  m ixtu re  
(T able 26 ), T h is finding su g g e s ts  that e ith er  and
a re  ca ta ly sin g  two d ifferen t enzym e rea ctio n s or  that the 
action  of TSH m ay p o ss ib ly  be s im ila r  to that of (NH^)^SC^.
The p o ly m e ra se  activ ity  of the "Soluble"enzym e fra ctio n , 
w hich w as v er y  lo w , appeared  to be in c r e a se d  s lig h tly  on 
trea tm en t of the n u c le i w ith  TSH, but the e ffec t  w as not 
s ig n ifica n t (T ab les 24 and 26).
S in ce  preincubation  of sh eep -th y ro id  n u c le i w ith TSH
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p r io r  to p rep aration  of the enzym e fra ctio n s did not in c r e a se  
the in corp ora tion  of la b e lle d  ‘CJMP from  (^B) U T P in to  RHA 
c a ta ly se d  by the " W eiss” en zym e p rep aration  but d id  enhance  
that c a ta ly se d  by the "R am uz” enzym e fra ctio n  (T able 35), 
thi.a aitggosta that som e n u c lea r  fa c to r , w hich  i s  e s s e n t ia l  
for  th is  stim u la to ry  action  of TSH, i s  d isca rd ed  during  
pre%jaration of the "W eiss" en zym e fra ctio n  at the sta g e  of 
KCl trea tm en t (F ig , 25). H ow ever, it  w as found that the 
in co rp o ra tio n  of (^^C) AM P r e s id u e s  fr o m  (^^C) A T P  into  
RNA by the "Ramuz" en zym e fra ctio n  w as not in c r e a se d  on  
p reincub ation  of the n u c le i w ith  TSH p r io r  to  en zym e
p rep a ra tio n , although under s in d la r  a ssa y  co n d itio n s, ae
3 ^m en tion ed  above» the uptake of ( H) UMF fro m  (^H) U TP w as
in c r e a s e d  (T a b les 36 and 28)* The rea so n  fo r  th is  is  not
known, but the en zym e p rep aration  u sed  i s  v e r y  crude and
m a y , in  addition  to  ca ta ly sin g  DNA-do pendent sy n th es is  of
RNA, ca ta ly se  hoznopolym er form ation  or ex ten sio n  of
ex istin g  RNA stran d s by form ation  of poly A , T h is could
re su lt  in  production  of poly A to such an ex ten t a s  to m ask
the TSH e ffe c t  on DNA^dependent RNA fo rm a tio n . T h is m ay
be the c a s e , s in ce  com paring thé data in  T a b les  26 and 28, 
the in corp ora tion  of la b e lle d  AMP re s id u e s  fro m  A T P w as  
g r e a te r  than the in corp oration  of la b e lled  ÜM P re s id u e s  
fro m  U T P into RNA under s im ila r  conditions of a s s a y . A lso  
th ere  is  ev id en ce , in  m am m alian  n u c le i, of en zy m es which  
fro m  poly A , A D N A -dependent poly A -sy n th e s is in g  enzym e from  
hen liv e r  h as b een  d esc r ib ed  by Chambon, W eill and Man del
(1963), and Edm onds and A bram s (1963) have d escr ib ed  sy n th es is  
in  ca lf-th y  m us n u c le i of poly  A from  ATP by an A TP p o ly m era se  
w hich  depends on a polym xcleotide p resen t in  the en zym e  
preparation*
E ffect of P u rom ycin  on the D N A -dependent RNA P o ly m e r a se  
A c tiv it ie s  of the "Ramuz" and "Soluble" E nzym e F ra c tio n s
When purom ycin  (lOOpg.) w as added during preincubation  
of sh eep -th y ro id  n u c le i, in  the p resen ce  or ab sen ce  of TSH, the  
D N A -de pendent RNA p o ly m era se  a c t iv it ie s  of the "Ramuz" and 
"Soluble"enzym e fra ctio n s p rep ared  from  the n u c le i a fter  
incubation -w ere d e c r e a se d . Both the in corp ora tion  of 
la b e lle d  UMP and AMP r e s id u e s  from  UTP and A TP into  
RNA w ere  a ffected  (T ab les 27 and 28), T ab le 28 a lso  show s
^  J. l o -
that preincubation ol the nuclei with puromycin for ,10 min* 
prior to-TSH addition furth^t’ roducos the activities of the 
enzyme fractions isolated after nuclear incubation*
H o w ev er , fro m  th e se  p re lim in a ry  in v e s t ig a t io n s , it  i s  
im p o ss ib le  to  say  w hether or  not tihe incitem ent in  in corp oration  
o f la b e lle d  UMP fro m  0 T F  into RNA' ca u sed  by prei%%cubation 
of the n u c le i w ith TSH i s  s p e c if ic a lly  in h ib ited  by purom ycin  
trea tm en t but the data in T ab le  2T su g g est that th is  i s  not the 
case* T he fa ct that p o ly m e ra se  activ ity  i s  d e c r e a se d  su g g ests  
that p urom ycin  in îiib its  the sy n th es is  of som a nucleax* p ro te in , 
perhaps the p o ly m e ra se  en zy m e, w hich-has a  rap id  tu rn o v er , 
and w hich  a ffec ts  D N A -dependent ENA s y n th e s is . The p rotein  
in vo lved  m u st co n stitu te  a v e r y  sm a ll px’OpOxTion of the to ta l 
n u c lea r  p ro te in , s in c e  th ere  w ere  no d etecta b le  changes in  the  
p rotein  co m p o sitio n  of the en zym e fra ctio n s  upon purom ycin  
treatm ent, o f sh eep -th y ro id  n u c le i p r io r  to en zym e iso la tio n .
In  th is  con n ection , the purom ycin  stu d ies  d e sc r ib e d  in  S ectio n  II 
show  that sy n th e s is  of so m e  n u c lea r  p rotein  i s  a lso  e s s e n t ia l  fo r  
the stim u la to ry  action  of TSH on adenine uptake in to  ENA  
(T ab les 16 and 17) although no change in  ( C) le u c in e  uptalie
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in to to ta l n u c lea r  p rote in  cou ld  fee d etected  under s im ila r  
con d itions of TSH trea tm en t (F ig , 32). Btudiea c a r r ie d  out 
by H olland , (1963) and S u m m e r s , Hotefeoom and M u eller  (1966) 
on the e ffe c t  of p urom ycin  on the n u c lear  DN/\*^dependent RNA  
p o ly m era ee  a c tiv ity  of H eH a ce ila  have show n that,, .,afte3-? 
trea tm en t o f the in tact c e lle  w ith p urom ycin , thex*e w as a  fa ll  
in  D N A -dependent R M A .polym erase .activ ity  ao a e s a y e d  in v itro  
UBing both in tact n u c le i and a "W eias" en zym e fraction , ae so u rce  of 
p o ly m e ra se  and BNA^ H oweverr- they su g g est  that,the e ffec t  of 
p urom ycin  is  not d ire c tly  on the sy n th es is  of p o ly m e r a se  but 
on som e n u c lea r  p rotein  con cern ed  w ith  rv lb osom ai RNA 
sy n th e s is .
The p resen t stu d ios d em on strate  that sh eep -th y ro id  
n u c le i p o s s e s s  an en zym e o r  en zy m es w hich ca ta ly se  the D N A - 
dependent sy n th es is  of RNA, and show  so m e p ro p er tie s  of the 
en zym e fr a c tio n s  w hich  p o s s e s s  th is  enzym e activity* H ow ever  
the p re lim in a ry  in v estig a tio n s  ca r r ie d  out on the e ffe c t  o f TSH 
trea tm en t of n u c le i on the p o ly m era se  a ctiv ity  of the enzym e  
fra c tio n s  p rep ared  after  n u c lea r  incubation  gave r e su lts  w hich  
a re  d ifficu lt to in terp re t and furth er s tu d ies  a re  n e c e s s a r y  to
4LOU-
c la r ify  the s itu a tio n . In  ord er  to study the action  of a horm one  
on a m am m alian  DNA***dependent RNA p o ly m e ra se  s y s te m , it  
w ould be n e c e s s a r y  to  em ploy e ith er  a ch rom atin  fra ctio n  
p rep ared  in such  a w ay as to  p reven t the g r o s s  aggregation  
obtained w ith  the p rep aration s d escr ib ed  above or a p u rified  
s y s te m , A horm one action  on D N A -dependent RNA p o ly m era se  
a c tiv ity , if  in deed  su ch  a m ech a n ism  e x is t s ,  can  be m ed iated  
v ia  s e v e r a l ro u tes , such  as the rate of sy n th e s is  or degradation  
of the p o ly m e r a se  en zy m e, the amount of DNA a ctiv e  in  
tra n scr ip tio n  or a l lo s te r ic  e ffec ts  in  the en zym e p rotein  
i t s e l f  producing con form ation al changes w ith  an in c r e a s e  in  
activity* Thus it  i s  n e c e s s a r y  to be able to d istin g u ish  betw een  
actual p o ly m e ra se  a c tiv ity , tem p late  ab ility  of the DNA and 
the am ount of en zym e p r e se n t, b efore  a horm one action  on 
DNA# dependent RNA sy n th e s is  can be d escrib ed  in d eta il,
SUMMARY
1, P u r if ied  sh eep -th y ro id  n u c le i w ere  fra ctio n a ted  e ith er  
by the p roced u re of W eiss  (i9 6 0 ) or by that of R am us et a l. (1965a). 
The p ro te in  and DNA content of the "W eiss" and "R am uz" aggregate  
enzym e fra c tio n s  and the "Soluble" enzym e fra c tio n  w ere
-  i o X -
d eterm in ed  after  p rep aration  fro m  n u cle i w hich  in  so m e c a s e s  
had b een  tr e a te d  under v a r io u s  conditions of in cubation . It w as  
found that preincubation  of the n u c le i p r io r  to  fraction ation  
cau sed  a s ig n ifica n t d e c r e a se  in  the am ount of p rote in  occu rrin g  
in  the "Ramuz" en zym e fra c tio n  w ith a corresp on d in g  in c r e a se  
in  am ount in  the "Soluble" en zym e fraction*
2 . A ll th e se  th ree  en zym e fra ctio n s w ere  found to  
p o s s e s s  D N A -dependent RNA p o ly m era se  activ ity*  The DNA 
functioning as tem p la te  fo r  the p o ly m era se  re a c tio n  fo rm ed  
part of the "W eiss"  and "Ramuz" en zym e fr a c t io n s , w h ereas  
the "Soluble" enzym e fra ctio n  contained  l e s s  than 2% of the  
to ta l n u c lea r  DNA, and thus exogenous DNA had to be added  
to a ssa y  the p o ly m e ra se  a ctiv ity  of th is  en zym e fra c tio n .
3 . When a s s a y s  of DNA#dependent RNA p o ly m e ra se  
a ctiv ity  w ere  c a r r ie d  out in  the p r esen c e  of 10% sa tu ra ted  
(NH^)^SO^, the am ount of RNA sy n th es ize d  by the "W eiss"  
and "Ramuz" en zym e fra c tio n s  w as in c r e a se d , w h erea s  the 
am ount sy n th es ized  by the "Soluble" en zym e fra c tio n  w as  
d e c r e a se d ,
4 . The pH optim um  of the "Ramuz" en zym e fra ctio n  w as about
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8 .4 ,  w h erea s  that of the "Soluble" enzym e fra ctio n  w as about 
7 .2 ,  The D N A -de pendent RNA p o ly m era se  a ctiv ity  of the  
"Ramuz" en zym e fra ctio n  w as not in c r e a se d  by the addition  
of an en erg y -g en era tin g  sy s te m  to the a ssa y  m ed iu m .
5 . The in c r e a se  in  the am ount of RNA sy n th es iz e d  by the 
"Ramui^’^  enzym e fra ctio n  due to the p r esen c e  of 10% saturated  
(NH'^)^80^ in  the a s sa y  m ed ium  w a s found to be g re a te r  in  the  
p r e se n c e  of MnGl^ (l.S jx m o les) than MgCl^ (Spm ole^ , and in
the a b sen ce  of Mg w as s lig h tly  m o re  e ffec tiv e
. 2 '^ " '  ■
as ca ta ly st  than Mn , The DNA#dependent RNA p o ly m era se
activ ity  o f the "Soluble" en zym e fra ctio n  a ssa y e d  in  the a b sen ce
2*fof (NH^)^SO^ w as found to  be g re a te r  in  the p r e se n c e  of Mn 
than Mg^^.
6 . The "Ramuz" en zym e fra ctio n  w as found to contain  a  
r ib o n u c iea se  en zym e or en zy m es w hich degraded  RNA to a c id -  
so lu b le  fra g m en ts  under the incubation  con d itions u sed  for  
a ssa y  of DNA#dependent RNA p o ly m era se  a c t iv ity .
7 . TSH added d ire c tly  to the p o ly m era se  a s sa y  m ixtu re  
did not in c r e a s e  the DNA#dependent RNA p o ly m e ra se  a c t iv it ie s  
of the n u c lea r  enzym e fr a c t io n s , P re in cu b ation  of sh eep -th y ro id
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n u c le i w ith  TSH fo r  15 m in . p r io r  to p rep aration  of the enzym e  
fra c tio n s  did not a ffect the DNA#dependent RNA p o ly m era se
a ctiv ity  of the "W eiss" en zym e fra ctio n . H ow ever th ere w as
3 3an in c r e a s e  in  tlie in co rp o ra tio n  of ( H) UMP fro m  ( H) UTP
into RNA ca ta ly sed  by the "Ramuz" enzym e fr a c tio n  when
a ssa y e d  in  the p r e se n c e  of 10% saturated  (NH^)^SO^. When
the "Ram us" en zym e fra ctio n  w a s  p rep ared  fro m  T S H -treated
n u cle i in  the p re se n c e  of 2#m ercap toeth an o l, the in c r e a se  w as
apparent during p o ly m era se  a ssa y  both in  the p r e se n c e  and in
the a b sen ce  of (NH^)^SO^. HoWOver, when la b e lle d  A TP rep la ced
la b e lle d  U TP in  the p o ly m e ra se  a ssa y  m ix tu r e s , TSH trea tm en t of
the n u c le i p r io r  to en zym e prep aration  did not enliance the
in corp ora tion  of la b e lle d  AMP fro m  ATP into RNA ca ta ly sed
by the "Ramuz" en zym e p rep aration . A lso , when MgCl^ (Spm oles)
rep la ced  MnCl^ ( l .S p m o ie s )  in  the p o ly m era se  a ssa y  m ix tu r e s ,
no in c r e a se  in  la b e lle d  n u cleo tid e  in corp oration  into RNA
ca ta ly sed  by the "Ramuz" en zym e p rep aration  fro m  T S H -treated
n u c le i w as apparent.
§. P u ro m y cin  trea tm en t of sh eep -th y ro id  n u c le i in  the
p r e se n c e  or a b sen ce  of TSH, p rior  to  en zym e p rep aration , 
w as found to  d e c r e a se  the D N A -dependent RNA p o ly m era se  
a c t iv it ie s  of the "RamuZM and "Soluble" en zym e p rep a ra tio n s.
GENERAL* DISCUSSION
E ffec t of Body S iz e  on the N u c le ic  A cid  and 
P r o te in  Content of the T hyroid  Gland
The s tu d ie s , d e sc r ib ed  in  S ectio n  I , on the n u c le ic  
ac id  and p rote in  co m p o sitio n  of the thyroid  glands of 
d ifferen t m a m m a ls d em on stra te  that the am ount of p rotein  
in  the th yro id s of th e se  m a m m a ls i s  m ainta ined  at a constant 
proportion  of body w eigh t, w h erea s the am ounts of RNA and, 
to a l e s s e r  ex ten t, of DNA a re  d ecr ea se d  w ith  in cr ea s in g  body 
w eigh t. C om p arison  of th e se  r e su lts  w ith h is to lo g ic a l stu d ies  
oh the d im en sio n s of th yro id  c e l ls  and of co llo id  v e s ic le s  
( T e is s ie r ,  19395 Y ag izaw a, 1956) in d ica tes  that the la r g e r  
m a m m a ls m ain ta in  a  con stan t re la tio n sh ip  b etw een  the amount 
of p ro te in  in  the thyro id  gland and body s iz e  by an in c r e a se  in  
e x tr a c e llu la r  sto ra g e  oi p ro te in  (thyroglpbulin) in  the co llo id  
v e s ic le s .  It  w as a lso  found that the amount of RNA p er c e l l  
d im in ish ed  w ith in cr ea s in g  body s iz e ,  and s in c e  RNA is  
in tim a te ly  in v o lv ed  in  the p rotein  syn th etic  m ech a n ism  th is  
su g g e sts  that the sy n th e s is  of thyro id  p ro te in , includ ing  
th yroglob u lin , m ay d ec lin e  w ith  in crea s in g  body s iz e .  The 
rate of d egradation  of thyroglobu lin  and of r e le a s e  of thyroid  
horm one fro m  the gland are  a lso  probably d im in ish ed  with
in c r e a s in g  body s iz e  s in c e  the extent of s to ra g e  of thyro id  p rotein  
in  the co llo id  v e s ic le s  i s  in c r e a se d  in  the la r g e r  m a m m a ls . Thus 
the tu rn over of thyroglobu lin  is  lik e ly  to be s lo w e r  in  la r g e r  
than in  sm a lle r  s p e c ie s  of m am m al. W hether th is  r e f le c ts  
som e in tr in s ic  p rop erty  of the thyro id  c e l ls  th e m se lv e s  or is  
the r e su lt  of d e c r e a se d  le v e ls  of c ircu la tin g  TSH cau sed  by 
a ltera tio n s in  the m eta b o lism  of the an terior  p itu itary  i s  not 
known at p r e s e n t . H o w e v e r , the m a ss  of the p itu itary  gland  
v a r ie s  as the 0*762 pow er of body w eight (B rod y , 1945) and 
th is  su g g e s ts  that the rate  of production  and of r e le a s e  of TSH 
fro m  the p itu itary  m ay a lso  d eclin e  w ith in c r e a s in g  body size*
E ffec ts  of TSH on the N u c le ic  A cid  and 
P r o te in  M eta b o lism  of the T hyroid  G land
(a) E x p er im en ts  u sin g  T hyroid  S lic e s
U sin g  ca lf-th y ro id  s l i c e s .  Hall (1963) show ed  that TSH
in c r e a s e s  the uptake of la b e lle d  p r e c u r so r s  in to  the purine b a se s
of t is s u e  RNA o v er  a 3^hi% incubation  period* He a lso  d em on strated
that addition  of g lu co se  or purine p r e c u r so r s  to  the incubation
m ed ium  enlxanced the uptake of (^^G) fo rm a te  in to  RNA, both
in  the p r e se n c e  and a b sen ce  of TSH, and in d ica ted  that the
e ffec ts  of TSH and purine p r e c u r so r s  on thyro id  purine  
n u cleo tid e  sy n th es is  are additive* TSH and g lu co se  each  
stim u la te  the uptake of (^^G) adenine into c a lf-th y ro id  RNA 
in  v itr o , and add itive e ffec ts  are again  obtained when both  
TSH and adenine are  p resen t (H all and T ubm en, 1965). A s  
m en tion ed  p rev io u s ly , TSH a lso  ca u se s  an in c r e a se d  oxidation  
of g lu co se  by the h ex o se  m onophosphate pathway w ith in  as 
l it t le  as 5 min# a fter  addition to thyro id  s l i c e s  in  v itro  (F ield ,, 
P a sta n , Johnson and H err in g , I960; Dum ont, 1961), On the  
b a s is  of th e se  o b ser v a tio n s . H all (1963) has p rop osed  that the action  
of TSH on purine rib on u cleotid e and RNA sy n th e s is  is  m ed ia ted  by 
TSH stim u la tio n  of g lu co se  oxidation  by the h ex o se  m onophosphate  
pathw ay, th ereb y  in c r ea s in g  the supply of a v a ila b le  r ib o se  for  
purine rib on u cleotid e sy n th e s is .
A m ounts of TSH in  the p h y sio lo g ica l range a re  e ffec tiv e  
in  stim u latin g  uptake of purine p r e c u r so r s  in to  th yro id  RNA 
and the e ffec t  s e e m s  to  be sp e c if ic  s in ce  the horm one had no 
stim u la to ry  e ffec t  on purine and RNA sy n th es is  in  c a lf- liv e r  or  
kidney s l i c e s  (H all, 1963). A lso , other p itu itary  h o rm o n es,
AGTH* FSH and grow th horm one as w e ll as c o r t is o l  and
3 - 5 - 3 *-triiodothyi’onine added to the incubation  ca u sed  no 
stim u la tio n  of {^^C) form ate  into RNA (Hall and Tubm en, 1965). 
Thus s tim u la tio n  of purine r ib on u cleo tid e and RNA sy n th es is  
appears to be a s p e c if ic  action  of TSH on the th yro id  gland  
in  yitro*
In a g reem en t w ith  the w ork  of H a ll, the s tu d ie s
d e sc r ib e d  in  S ec tio n  II, u sin g  sh eep -th y ro id  s l i c e s  show  that
addition of TSH to the incubation  medium, stim u la ted  the uptake
of (^^C) adenine in to  th yro id  RNA over  a  3-hr* p er io d  (Fig* l6 ) .
14T his in c r e a s e  in  ( C) adenine uptake is  f ir s t  apparent in  the
n u c lea r  RNA fra c tio n  of the thyro id  s l i c e s ,  and is  fo llo w ed
la te r  by in c r e a se d  la b e llin g  of cy to p la sm ic  RNA (Fig* 17)*
H ow ever TSH does not appear to have a d etecta b le  stim u la to ry  
14effec t on ( C) adenine uptake into thyro id  RNA during the
f ir s t  hr* of in cubation , although the in c r e a s e  in  RNA la b e llin g
due to TSH a fter  2 or 3 h r . incubation  is  fa ir ly  la r g e . S u cro se
d en sity  grad ien t a n a ly s is  o f RNA p rep ared  fro m  sh eep -th y ro id
s l i c e s  w hich  had b een  incubated  fo r  3 hr* in  the p r e se n c e  or
ab sen ce  of TSH show s that TSH apparently in c r e a s e s  uptake of 
14( C) adenine into a ll RNA s p e c ie s  (F ig . 18). T h is su g g e s ts  that
TSH is  having a g en era l e ffec t  on thyroid  RHA sy n th e s is  at
th is t im e . G orsk i and N e lso n  (1965) have obtained  s im ila r
r e su lts  fo r  the e ffec t  of o e s tr a d io l# 1 7 p  on the la b e llin g  of RNA
iso la te d  fro m  rat u te r i 1 h r . a fter  in  v ivo  horm one adm inistration*
A lso  it  h as b een  shown that, sh o rtly  a fter  in  v iv o  ad m in istra tion
of coxhsol to a d ren a lecto m ized  ratS , sy n th e s is  of a ll th ree
s p e c ie s  of r a t - l iv e r  RNA, r ib o so m a l, tra n sfe r  and D N A -lik e
is  stim ulated  by the s te r o id  horm one (W icks, G reenm an and
K enney, 1965# Gre#nwan, W icks and K enney, 1965). H ow ever,
w h ile  the re sp o n se  of RNA i s  g en era l involv ing  each  of the
th ree  m ajor ty p es of EN A , it cannot be concluded  in  th ese  c a s e s
that the horm one e ffec t i s  co m p le te ly  in d iscr im in a te  s in ce  the
m ethod of a n a ly s is  em p loyed , i . e .  sep ara tion  of RNA on su c r o se
d en sity  g ra d ien ts , i s  not s e n s it iv e  eiiough to  d etect sm a ll changes
in  sp e c if ic  RNA fraction s*
Both purom ycin  and âctin om ycin  D added at the sta r t
of incubation  w ere  found to inhib it the stim u la to ry  action  of 
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TSH on ( Ç) adenine uptake into thyroid  s l ic e  RNA (T ab les 11 
and 12). H ow ever, when e ith er  of th ese  in h ib ito rs  w as added  
after  1 or 2 h r , in cubation , the stim u la tory  e ffe c t  of TSH on
X /  *
14 ' ' ' *( G) adenine uptake in to  ENA w as p a rtia lly  r e s to r e d  su ggestin g
that the sy n th e s is  o£ both RNA and p rotein  during the f ir s t  h r ,
of incubation  i s  n e c e s s a r y  for  TSH action  on th yro id  RNA
m eta b o lism , Raghupàthy, A braliam , K erkof and Chaikoff
(1964) fa ile d  to  show  a stim u la to ry  e ffec t of TSH on the uptake 
,14 ■ ■of ( C) le u c in e  in to  the p ro te in  of sh eep #th yro id  s l ic e sin  v itr o , 
and thus it  ap pears that TSH does not a ffect g en era l thyroid  
p rotein  sy n th es is  tm der th e se  incubation co n d itio n s. H ow ever, 
if  the p rotein  n e c e s s a r y  for  the stim u la tory  action  of TSH on 
RNA sy n th e s is  only con trib u tes a sm a ll ex ten t to  to ta l thyroid  
p ro te in , the in c r e a se d  le u c in e  uptake into th is  p rote in  due to TSH 
w ould not be d etected  if  sy n th es is  of m o st thyro id  p ro te in , e , g ,  
thyroglobulin* w er e  unaffected  by TSH ad m in istra tio n  during the 
p er io d  of incubation ,
(b) E xp er im en ts u sing  Iso la te d  N u cle i
S in ce  the stim u la to ry  action  of TSH w a s m o re  ex ten siv e  
and o ccu rre d  at an e a r lie r  tim e  in the c a se  of n u c lea r  RNA  
(F ig , 17), the e ffe c t  of TSH on the uptake of (^^C) adenine by
iisolated  sh eep-tlxyroid  n u c le i w as then exam in ed . It w as found  
that the uptalce of la b e lled  adenine by sh eep -th y ro id  n u c le i w as
stim u la ted  by TSH, the m agnitude of stim u la tio n  being roughly  
p rop ortiona l to the lo g a r ith m  of the am ount of TSH added (F ig . 20). 
T h is e ffe c t  of TSH, w hich  w as d em on strab le  w ith in  20 m in . pf TSH 
addition to the n u c le i, ap pears to be fa ir ly  s p e c if ic  s in ce  r a t-  
l iv e r  n u c le i w e r e  not re sp o n s iv e  under s im ila r  con d ition s of 
incubation  (F ig . 21 ), and addition of p rotein  (bovine seru m  album in) 
in  p la ce  of TSH p ro te in  to the Incubation m ed iu m  had no e ffec t  on 
adenine uptake in to  sh ee p -th y ro id  n u c le i (T able 13). T reatm en t  
of the n u c le i w ith  actin om ycin  D w as found to  in h ib it the action  
of TSH on adenine u p tak e, in d icating  that th is  p r o c e s s  in v o lv es  
D N A -dependent sy n th e s is  of RNA (T ab les 16 and 17).
The stu d ies  of H all (1963) and H all and Tubm en (1965) 
des cr ib  edï£È>ove d em on stra te  that TSH in c r e a s e s  the uptake of 
purine p r e c u r so r s  in to  RNA p urines in  v it r o , su g g e stin g  that 
TSH cou ld  e ith er  a ffect purine r ibon ucleotid e fo rm a tio n , RNA  
sy n th e s is  or both. The in v estig a tio n s on the a ctio n  of TSH on 
ENA sy n th e s is  u sin g  is o la te d  sh eep -th y ro id  n u c le i in d ica te  
that TSH stim u la te s  ENA sy n th es is  from  n u c leo s id e  t r i ­
phosphate p r e c u r so r s  (T ab le 14). TSH stim u la ted  the uptake 
of la b e lle d  UM P fro m  U T P into RNA in  the p r e s e n c e  of the
A 7 J
Other th ree  r ih on u cleosid e  triphosphates by 69% of the con tro l
v a lu e . T h is i s  s im ila r  to the m agnitude of in c r e a s e  in  adenine
uptake o b ser v ed  w hen the n u c le i w ere  incubated  w ith  (^^C)
adenine and TSH. H ow ever , when the n u c le i w e r e  incubated  
14w ith ( C) adenine in  the p re se n c e  of eq u im olar am ounts of 
the four r ib o n u c leo sid e  tr ip h o sp h a tes, the in crem en t in  adenine  
uptake ca u sed  by TSH w as 33% of the con tro l va lu e  (T able 14)* 
T hu s, s in c e  addition of tr ip h osp h ates lo w ered  but did not 
ab olish  the stim u la to ry  action  of TSH on (^^C) adenine uptake 
into RNA, it  appears that TSH m ay have an e ffec t  both on  
n u cleo tid e  form ation  as w e ll as on RNA sy n th e s is  from  
n u c leo sid e  triphosphate p r e c u r so r s . Thus fro m  th e se  
o b serv a tio n s on the e ffec t  of TSH on thyroid  RNA m eta b o lism  
in  v itro , it  ap pears that TSH a ffec ts  RNA sy n th e s is  and a lso  
|>erhap's p u r in e  n u cleo tid e  form ation ,
P u ro m y cin  added along w ith TSH to iso la te d  n u c le i 
w as found to inhib it the e ffec t  of added TSH on adenine uptake 
into RNA fro m  10 m in . incubation  onw ards (T a b les 16 and 17); 
the uptake of (^^C) le u c in e  into n u clear  p rotein  w as inh ib ited  
by p urom ycin  to an exten t of about 60% at th is  t im e  in  both
con tro l and T S H -trea ted  n u c le i (T able 15). A lthough purom ycin
trea tm en t in h ib ited  the action  of TSH on n u clear  RNA m etabolism *
su g g estin g  that sy n th es is  of som e n u clear  p ro te in  fra c tio n  is
e s s e n t ia l  for  th is  e ffec t , th e re  w as no d etecta b le  e ffec t  of TSH 
14on ( G) le u c in e  uptake into n u c lea r  p rotein  at t im e s  w here  
increased  adenine uptake in to  n u c lear  RNA due to  TSH w as  
d em on strab le  (Fig* 22)* T h is su g g e sts  that the p rotein  in vo lved  
in  stim u la tion  of n u c lea r  RNA sy n th es is  by TSH m u st contribute  
to only a sm a ll p roportion  of the to ta l n u c lea r  protein* H ow ever  
the p o ss ib ility  m u st be co n sid ered  that p urom ycin  m ay be acting  
on th yro id  n u c lea r  RNA sy n th es is  by m ean s o th er  than inh ib ition  
of p rote in  sy n th es is  s in c e , as m entioned  on p. 33 , purom ycin  is  
rather to x ic  and m ay have other sid e  e ffec ts  in  v it r o .
If it  i s  a ssu m ed  that the purom ycin  e ffe c t  i s  on the sy n th es is  
of som e n u c lea r  p ro te in , it  i s  of in te r e s t  to co n sid er  the p o ss ib le  
nature and function  of the p rotein  or p rotein s in v o lv ed . S ince  
sy n th e s is  of th is  p rote in  fra c tio n  is  n e c e s s a r y  fo r  the stim u la tory  
action  of TSH on thyro id  RNA sy n th e s is , it  cou ld  perhaps be an 
RNA p o ly m era se  or  p o ly m era ses*  TSH could  e ith er  ca u se  the 
sy n th es is  of m o re  of an a lread y  ex istin g  p o ly m era se  en zym e or
en zy m es or ca u se  the production  of a new  p o ly m e r a se . F ro m  
stu d ie s  on b a c te r ia l RNA and p ro te in  sy n th e s is  u sin g  the inh ib itor  
of p ro te in  sy n th e s is  ch loram p h en ico l, it  h as been  su g g ested  
that sy n th e s is  of som e p ro te in  i s  n e c e s s a r y  fo r  the regu lation  
of r ib o so m a l RNA sy n th es is  in  b a c ter ia  (K urland and M aal^, 1962; 
Maalcje and K urland, 1963), The nature of th is  p rote in  i s  not 
known at p re sen t but it  cou ld  p resum ably  - be e ith er  a 
p o ly m e ra se  en zym e n e c e s s a r y  fo r  the sy n th e s is  of r ib o so m a l 
RNA or so m e p ro te in  that is  i t s e l f  su bseq uently  in corp ora ted  
in to  b a c te r ia l r ib o so m e s . If a s im ila r  situ a tion  e x is ts  in  
m am m alian  n u c le i, and if  the sy n th es is  of the p ro te in  w hich  
re g u la te s  r ib o so m a l RNA sy n th e s is  i s  in liib ited  by purom ycin , 
an e ffe c t  of TSH on r ib o so m a l RNA sy n th es is  w ill  no lo n g er  
be d em on strab le  once the n u clear  supply of th is  p ro te in  is  
exhausted,
(c) S tu d ies on D N A -B ependent RNA P o ly m e r a s e  A ctiv ity
T he stu d ies  c a r r ie d  out on the e ffec t of TSH on the D N A - 
dependent RNA p o ly m e ra se  activ ity  of en zym e fra ctio n s  
p rep a red  fro m  sh eep -th y ro id  n u c le i have b een  rath er  
p re lim in a ry  in  n a tu re . D ir e c t  addition of TSH at the sta rt of
incubation  to  a ssa y  m ix tu res  containing th e se  p o ly m era se  
en zym e fra c tio n s had no stim u la to ry  e ffec t on the D N A - 
dependent RNA p o ly m era se  activ ity  of th e se  fra c tio n s  
(T ab les 19 and 24). In con n ection  w ith th is ,  Dahmua and 
Bonner (1965) have shown that d irec t addition of c o r t is o l  
to chrom atin  p rep ared  fro m  the l iv e r s  of a d ren a lecto m ized  
rats did not a lter  the tem p la te  capacity  of the ch rom atin  for  
pN A -depend en t sy n th es is  of RNA. H ow ever, th ey  a lso  
iso la te d  the ch rom atin  a fter  in  v ivo  trea tm en t w ith  c o r t is o l,  
and d em on strated  that the tem p late  capacity  of the chrom atin  
w as a lter ed  a fter  horm one trea tm en t in  th is  c a s e .
T rea tm en t of iso la te d  sh eep -th y ro id  n u c le i w ith  
TSH under conditions w h ere  it  is  known to s tim u la te  the  
uptake of (^^G) adenine in to  n u clear  RNA w as found to  
in c r e a s e  the ab ility  of the "Ramuz" aggregate  en zym e  
p rep aration  to in co rp o ra te  la b e lled  UMP fro m  UTP but not 
la b e lled  AM P fro m  A TP into RNA (T ab les 26 and 28), S ince  
the "W eiss"  en zym e fra c tio n  w as not r e sp o n siv e  to TSH in  
ca ta ly sin g  an in c r e a se d  uptake of UMP from  U TP into RNA 
(T able 25), th is su g g e s ts  that TSH trea tm en t of the n u c le i
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a ffec ts  so m e fa cto r  e s s e n t ia l for stim u lation  of XJMP uptake 
into RHA and that th is  fa c to r  i s  d iscard ed  during prep aration  
of the "W eiss*' en zym e fr a c tio n  at the stage  o f KGl trea tm en t  
(F ig . 25). It appears that TSH m ay affect the DM A-dependent 
sy n th es is  of KNA ca ta ly sed  by the "Ramuz" enaym e fra ctio n , 
but the fa ct that the en sy m e p rep aration  is  im pu re and m ay  
p o s s e s s  o ther en zym e a x tiv it ie s  cannot be n eg le c te d . F o r  
exam p le , th is  en sy m e fra ctio n  m ay ca ta ly se  the in corp oration  
of n u cleo tid e  r e s id u e s  from  n u c leo sid e  tr ip h osp h ates into ENA  
 ^ by other m ea n s, such  as term in a l addition of AMP or XJMP to  
a lread y  ex istin g  RNA nholocules or by the form ation  of 
h om op olym ers e .g .  poly A or poly XJ* A s m en tion ed  a lread y , 
in  S ectio n  III, TSH trea tm en t of the n u c le i cou ld  r e su lt  in  
in c r e a se d  DNA-*dependent sy n th es is  of ENA c a ta ly se d  by the 
"Ramu^i" en zym e fra c tio n , and the fact that TSH is  apparently  
not a ffectin g  the in corp ora tion  of AMP fro m  A TP into ENA m ay  
be due to the p r e se n c e  of a poly A “sy n th esiz in g  en zym e or  
e n z y m es , w hich are not r e sp o n s iv e  to TSH trea tm en t, and 
w hich account for a co n sid era b le  proportion  of the A TP  
in corp ora tion  in to RNA. In connection  w ith th is ,  thé re is
ev id en ce  that en zy m es w hich  ca ta ly se  the fo rm a tio n  of poly  
A are  p rese n t in  m am m alian  n u c le i (Cham bon, W eill and M andol, 
1963; F chnonds and A b ra m s, 1963), H o w ev er , ev en  if  th is  
w ere a genuine e ffec t o f TSH on B N A -dependent sy n th es is  
of RNA, it  i s  not known w heth er it  i s  duo to  sy n th e s is  of 
p o ly m e ra se  e n zy m e , change in  a c tiv ity  of the en zym e or in  
a v a ila b ility  of the DNA tem p la te , s in ce  the "Ram uz" en zym e  
fra c tio n  fro m  sh eep  «^thyroid n u c le i contains both the  
X^olymerase en zym e and the DNA w hich  s e r v e s  a s tem p la te  
for the re a c tio n . T he stu d io s c a r r ie d  out u sin g  p u rom cyin , to try  to  
a s s e s s  w heth er sy n th e s is  o f a p o ly m era se  en zy m e is  in v o lv ed  in  
TSH stim u la tio n  of adenine uptake in to  n u c lea r  RNA, have been  
u n su c c e ss fu l so  fa r , but the data in  T ab le 27 su g g e s t  that th is  i s  
not the c a s e .  P u r if ica tio n  of the "Ramuz" en zym e frax tion  or  
p rep aration  of ch rom atin  in  such  a  w ay as to  keex^ stru ctu ra l  
dam age m in im a l i s  n e c e s s a r y  b efo re  the e ffe c t  o f TSH on  
th yro id  DNA'"dependent RNA polym ex’à se  a c tiv ity  can be  
s a t is fa c to r ily  t e s te d .
Thus TSH a ffec ts  thyro id  RNA m eta b o lism  by in cr ea s in g  
the sy n th e s is  of n u c lea r  RNA, w hich i s  fo llo w ed  by an in c r e a s e  in
la b e llin g  of cy to p la sm ic  RNA. T his apparently , ir o n y in  y lvo  
s tu d ie s , r e su lts  in  an in c r e a s e  in  g en era l th yro id  p rote in  
sy n th es is  (Skholm  and p a n tic , 1963). T his e ffec t  of TSH on  
thyro id  RNA m eta b o lism  w as not d em on strab le  at t im e s  
e a r lie r  than 1 h r . during incubation  of sheep**thyroid s l i c e s ,  
but w as ev ident w ithin  20 m in . of adding TSH to iso la te d  sheep*  
thyroid  n u c le i in  v itr o . The sy n th es is  of both n u c lea r  protein  
and RNA appears to be n e c e s s a r y  for the e ffec t  of TSH on 
thyro id  n u clea r  RNA m etabolism * The p ro te in  in vo lved  
m u st contribute to only a v ery  sm a ll i>roportion of the to ta l 
n u clea r  p ro te in , but the nature of the p rotein  h as not been  
e lu c id a ted  as y e t . It m ay be an RNA p o ly m era se  enzym e or  
e ls e  so m e p rotein  com ponent of thyroid  n u c lea r  r ib osom al 
p a r t ic le s . T h ese  r e s u lts , obtained u sin g  iso la te d  sh ee p -  
thyroid  n u c le i, o f the e ffec t  of TSH on RNA m e ta b o lism  are probably  
gen u ine, s in c e  the in  v ivo  stu d ies  of G reen sp an  and H argadine
(1965) have show n that TSH e n ters  the n u c le i of thyroid  
ep ith e lia . H ow ever, the j>ossib ility  of a r tifa c ts  a r is in g  from  
lo s s  of c e llu la r  con tro l by d estru ction  of cer ta in  su b ce llu la r  
arran gem en ts during n u clea r  prep aration  shou ld  not be d isreg a rd ed .
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C om p arison  of TSH F ffa c ts  on V ariou s T h yroid  M etabolic
P r o c e s s es
The rep orted  a ctio n s of TSH on v a r io u s  thyro id  
m eta b o lic  p r o c e s s e s  have a lread y  been  d e sc r ib ed  in  deta il 
in  the G en era l in trod u ction , and th ere fo re  d isc u ss io n  w ill  
be lim ite d  to  th o se  e ffe c ts  w hich  occu r  v er y  soon  a fter  TSH 
ad n iin istra tion  and w hich  a lso  appear to be s p e c if ic  action s of TSH on the  
th yro id  gland. It h as been  shown that TSH stim u la te s  the  
oxidation  of g lu co se  v ia  the h ex o se  monophosx^hate pathway  
, w ithin  5 min* of addition to thyro id  s l ic e s  ^n v itro  (F ie ld  et a l . ,
I960; D um ont, 1961). T h is appears to be a sp e c if ic  e ffec t of 
TSH on the thyro id  gland (F ie ld  et a l . , i960; D um ont, 1964), and 
o ccu rs  ûàing p h y sio lo g ica l le v e ls  of TSH (D um ont, 1961). T his  
T SH *m ediated  in c r e a s e  in  g lu co se  oxidation  appears to be 
secon d ary  to an in c r e a se d  co n v ersio n  of NAD to NADP 
(P astan , H errin g  and F ie ld , 1961). T h ese  e ffe c ts  are not 
in h ib ited  by trea tm en t of thyro id  s l ic e s  w ith  actinomycm. D or  
p urom yein  w hich  p revent D N A -dependent KNA sy n th es is  or  
p rotein  sy n th e s is  (F ie ld , Johnson, K endig and P a sta n , 1963;
Dum ont and Bur e l le ,  1964; F ie ld , E p ste in  and J a r r e t i^ l9 6 5 ) .
XhuB lo r  tha action  of TSH on g lu cooe ox id ation , ho do novo  
Èsynthooia o f IINA oi? p ro te in  a eo m s to bo roq u ired . T h is  
in croaaod  ox id ation  of g luooeo  i s  a lso  not apparontly  due to  
im ereased  |.>erm eability to g lu c o se  (F ie ld  at a l, I9 6 0 ). A nother  
e ffec t  of TSH w hich  can be d etected  v er y  so o n  a fte r  trea tm en t i s  
pzTOteolysis o f  tl%yroglobulin and r e le a s e  o f th y ro id  h orm one  
fro m  the g land . - T h is  e ffe c t  i s  not in h ib ited  by trea tm en t w ith  
X>uromycin to  b lock  p ro te in  sy n th esio  (T ong, 1965), and i s  s t i l l  
d em on strab le  w hen o rg a n ifica tio n  o f iod in e i s  inl^ibitod (T ong, 1964) 
It h as b een  p rop osed  that the e ffe c t  o f TSH on breakdow n of 
thyroglnbu iin  r e su lte d  in  ox id ation  of g lu c o se  to  p rovid e en ergy  
fo r  th is  p r o c e s s .  H o w ev er , breal^dovm o f thyroglobtilin  i t s e l f  
h as boon ru led  out a s a  n e c e s s a r y  fea tu re  of s t im u la tio n  o f the  
thyroid  by TSH (T au rog , Tong and C haikoff, 1956b; P a sta n ,
1.961). T he th yro id  d ecr e to ry  p r o c è so a lso  in v o lv e s  p in o cy to s is  
of c o llo id  (N ad ior , 8 altar and L e b lo n d ,. 196Z), and the h y p o th esis  
that the enhancem ent o f th is  p r o c e s s  ie  a  p r im a ry  e ffe c t  o f TSH  
h as not boon diaprovocU The t im e  e lem en t i s  a ls o  im%)ortant in  
attem pting to  a s s e s s  a p r im a ry  ta r g e t  of TSH action* The  
m e a su r e d  sp eed  a t  w hich  TSH- ap pears to a ffe c t  any thyro id
metabolic process is dependent on the sensitivity o£ the method 
of detection usecL Since the senaitlvitias of the procedures used 
f o r  detection o f  TSH effects on different thyroid metabolic 
reactions a re  variable, it is not possible to put the reported 
actior^of the hormone on thyroid metaboliom in th e ir co rrec t 
sequence. A  com parison of these reported actions of TBH 
with'otudiea of the affect of TSH on thyroid n u c le ic  acid 
m etabolism , suggest that, ‘ on the basis of the investlgatione 
using puromyein and antinomycin D, these effects may not all 
bo attributed to a  single action of TSH. I t  may bo that TSH 
has m ore than one site ol action In the thyroid gland*
G e n e r a l  C o n s id e r a t io n s  ol Hormonal Control
The effects of TSH on the thyroid, which arc  sim ilar 
to thoae ol other horm ones, such as growth hormone and insulin 
on their ta rge t organs (E arner, 1965b), can be a rb itra rily  
eeparatod into two categories from  studios using inhbitors 
ol RNA and protein eyntheaia; (a) the effects on enzyme 
activity which apparently do not require new synthesis of RNA, 
and (b) the effects that do resu lt in the synthesis of m ore RNA
or now ENAé Although these categories woiild aeem to he 
die timet, they are somewhat iutar woven* Potter (Î96S) has 
drawn attention to the poiaibility that there may he enzyme 
formation without EHA syatheais immediately preceding It*
In addition, because o£ the state o£ the protein synthetic 
mechanism in the uiistimuiated cell cytoplasm IlNA synthesis 
may not be maximal and a hormone may affect this state 
r e s u l t in g  in  i n c r e a s e d  EN A  sy n th e s is*
M onod  (1966) h m  show n  in  a  s tu d y  o i  a llosfceric  
m e c h a n i s m s  that# w ith in  th e  l iv in g  c e l l ,  th e  com pound»  
u s e d  ï i io s t  w id e ly  m  a l l a a t e r i c  l ig a n d s  # th a t  i s  aa  c h e m ic a l  
s ig n a ls  to  c o n t ro l  i n t r a c e l l u l a r  metabolism, a r e  th e m s e lv e s  
i n t e r m e d i a r y  p ro d u c ts  o i  th i s  m e ta b o l ism *  H o w e v e r ,  th o s e  
com pou itds  do n o t p a r t i c ip a t e  in  th e  r e a c t io n s  w h ich  th e y  
con tro l*  A ls o  f r o m  s tu d ie s  o l  b a c t e r i a l  m e ta b o l i s m  i t  h a s  
b e e n  sh o w n  th a t  th e  s a m e  m e ta b o l i te  m a y  a c t  e im u ltm ^eo u sly  
a t  a w e r f d  d i f f e re n t  l e v e l s  o f  c e l lu l a r  c o n t ro l  (Monod# 1966)* 
T h e  fu n c t io n  of h o r m o n e s  i s  to  s e r v e  a s  c h e m ic a l  s ig n a la  
b e tw e e n  d i f f e re n t  t i s s u e s  m iû  o r g a n a , ' and  in  o r d e r  to  in f lu en c e  
th e  m e ta b o l i s m  of tho  c e l l s  of t h e i r  t a r g e t  o r g a n s ,  they  m u s t
a c t  d i r e c t ly  o r  I n d i r e c t ly  to  m o d ify  c e r t a in  e n z y m ic  a c t iv i t ie s*  
T h u s  p e r h a p s  a  h o rm o n e  c o u ld  a c t  a t  th e  l e v e l  of c o n t ro l  of 
p r o te in  e y n th e a ie  o r  m  a n  a U o s te r ic  e f f e c to r  of an  e n z y m e  
c y s to m ,  i*e* a c t  a im u lta n e o u a ly  a t  s e v e r a l  d i f f e re n t  
m e ta b o l ic  poin ts*  H o w e v e r ,  th e  c o n c e p t  o f  a  %:iolypeptide 
h o r m o n e ,  su c h  m  TSH , a c t in g  a s  a n  a llO B teric  e f f e c to r  i s  
s o m e w h a t  d if f ic u l t  to  a c c e p t  a t  th e  m o m e n t ,  s in c e  a l l  the  
c o m p o u n d s  w h ic h  a r e  know n to  h a v e  aT lo s te r io  e f f e c ts  on  
e n z y m e  m o le c u le s  a r e  o n e s  o f  low  m o le c u la r  w e ig h t ,  an d  
t h e r e  i s  no  e v id e n c e  so  f a r  of a  prôtein*»*protein in t e r a c t i o n  
p ro d u c in g  a n  e f fe c t  of t h i s  type*
A ls o  l i t t l e  i s  know n of th e  m e c h a n i s m s  in v o lv e d  in  
# e  t a r g e t  s p e c i f ic i ty  of a  h o rm o n e  o r  the mode of In a c t iv a t io n  
of a  h o r m o n e  a l t e r  i t  h a s  a f f e c te d  th e  m e ta b o l i s m  of i t s  
t a r g e t  t i s s u e #  D ra w in g  t o  atm logy f r o m  c o n t ro l  in  b a c t e r i a l  
s y s t e m s ,  perhaps hormones in d u ce  t h e i r  aw n  m e a n s  of 
in a c t iv a t io n  by so m e  in te r m e d ia te  o r  end«^product o f  th e  
reaction(s) w h ich  th e y  s t im u la te #  For in s ta n c e  th e  e f fe c t  of 
TSH r e s u l t s  in  the production of thyroid hormones w h ic h  
h a v e  to  p a s s  th ro u g h  th e  t h y r o id  e p i th e l ia  b e f o r e  t h e i r
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release into the circulation, and in doing oo could cause the 
cessation of TSH action* However there is no evidence to 
show that this typo ol mechanism exists, and TSH may in 
fact he continuously inactivated by some mechanism, which is  
intrinsic.?  ^ in the thyroid colls themselves.
At the present time there are many reports ol 
hormones influencing protein biosynthoai© in their target 
organs by apparently affecting (a) the genes, (b) the enzyme- 
forming système and (c) the enzyme ^proteins them selves, but 
due to the complex nature of the feed-back mechanisms 
involved in the regulation of x>rotein synthesis at the intracellular 
level, in no case has a clear-cut action of a hormone on protein 
Mosyntheaia been demonstrated* The reason for this is that 
little is  known of the basic mechanisms operative in controlling 
protein synthesis in mammalian cells, and current concepts of 
regulation are mainly drawn from those which have been shown 
to be operative in bacterial systems* Therefore in order to 
study the action ol a hormone, such as TSH, on the protein 
biosynthetic mochansim of its target organ, some knowledge 
of the basic mechanisme involved in the intracellular control
of protein bioeyritheeia in that organ, would perhaps facilitate 
the elucidation of the mechanism of action of the hormone on 
cellular Aprotein syntheBis*
GoncXdeiona 
F rom s tudie s tising is otopically -labelled ENA 
precursors, it has been shown that TBH affects thyroid RNA 
metabolism |>y increasing the synthesis of nuclear RNA which 
is followed by an increase in labelling of cytoplastoc ENA, 
The effect of TSH on nuclear RNA metabolism was not 
demonstrable at times earlier than 1 hr. during incubation 
of sheep-thyroid alicea but was evident within 20 min* of 
adding TSH to isolated sheep-thyroid nuclei in vitro. 
Treatment with actinomycin D inhibits this action of TSH, 
suggesting that DNA-dependent synthesis of RNA is involved# 
From investigations using puromyein it also appears that 
synthesis of nuclear protein.is essential for the action of 
TSH on thyroid ENA synthesis* The protein fraction involved 
must be a very small proportion of the total nuclear protein, 
but it has not been characterized as yet. Treatment of 
isolated nuclei with TSH also resulted in an inc:tease in the
- 2 U 7 -
uptake of tJMP from ÜTP into KNA catalysed by a DNA- 
dépendent RNA polymerase fraction prepared from the nuclei, 
This suggests that the protein finaction mentioned above may be 
a DNA-dependent ENA %)Olymerase* However, when ATP 
replaced UTP during polymer as e assay after TSH treatment, 
no stimulation of uptake of AMP from ATP into ENA was 
qbaerved. In the light of current concepts of control of 
celUdar protein synthesis, the cell nucleus as the site of 
action of a hormone is very strategic, hut whether these 
reported effects Of T8H on thé thyroid cell nucleus reflect 
those occurring in the intact animal remains to be elucidated*
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